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SUMMARY 
The natural frequencies of free vibrat ion of cy l indr ica l ly curved honeycomb 
sandwich panels are investigated. The strain energy and kinetic energy are developed 
in terms of shell mid-surface displacements and rotat ion. The analysis is general 
from an elastic v iewpoint , but simplifying assumptions applicable to l ightweight 
aircraft structures are imposed. Two sets of mode functions, which satisfy the 
clamped edge boundary conditions, are used in a Rayleigh-Ritz analysis. 
LaGrange's equation is used in the determination of natural frequencies. Flexural 
modes are of primary concern; however, the analysis also yields eigenvalues for 
in-plane and shearing motion. 
Numerical studies were conducted to show the convergence of the clamped 
panel eigenvalues as a function of number of terms in the mode shape approximation. 
Also discussed are the effects on natural frequency attributed to variations of sub-
tended angle, modulus of e last ic i ty, core to skin density ratio and core to skin 
thickness rat io. 
An experimental test was conducted, but comparisons with calculations are 
not good because of limitations in experimentally attaining clamped edge condi -
tions and in determination of correct values of core transverse shear modul i . 
vii 
GLOSSARY OF ABBREVIATIONS AND NOTATION 
A Aspect rat io, b/l 
b Panel arc length 
C Ratio of core transverse shear moduli 
C . Elastic constants (Hooke's law) 
•I 
D Plate stiffness 
E Young's modulus for isotropic material 
f Frequency 
g Ratio of core thickness to skin thickness 
G , G Shear moduli for orthotropic material xy yz • 
n l / n o / n Q Honeycomb panel layer thicknesses (defined in Figure 2) 
H Ratio of core to skin mass densities 
t Panel length (for simple and sandwich panel) 
L Final stiffness matrix 
M Final mass matrix element 
•i 
q m n k Generalized coordinate ( q m n l = U m n , q m n 2 - V ^ 
^mno mn' 
R Honeycomb panel mid-plane radius 
S Ratio of core shear modulus to skin Young's modulus 
t Ratio of panel length to skin thickness 
T Kinetic energy density 
T Kinetic energy 
u" Mid-p lane displacement component in axial direction 
u. Components of displacement of shell material points for 
th 
r layer (defined in Equation 1) 
V 
Strain energy density 
Strain energy 
th 
General ized coordinates for mn mode 
Mid-p lane displacement component in circumferential 
direction 
Mid-p lane displacement component in radia l , z, 
direction 
Shell mid-surface curvi l inear coordinate system 
Mode shape for axial direct ion 
Mode shape for circumferential direct ion 
Constant appearing in clamped mode function 
Constant appearing in mode function 
Constant appearing in mode function 
Kronecker delta 
Strain component (defined in Equation 2) 
Subtended angle, b/R 
Constant appearing in clamped mode function 




Rotation angle about x-axis 
Rotation angle about y-axis 
Circular frequency 
Q Non-dimensionalized circular frequency 
|_ J Row matrix 
{ } Column matrix 
[ ~^ Rectangular matrix 
^ ^ Diagonal matrix 
[ I ~\ Identity matrix 
' Derivative with respect to argument 
Time derivative 




The purpose of this analysis is to determine the natural frequencies of a 
cyl indr ical ly curved sandwich panel considering both clamped and simply supported 
edges. 
The cy l indr ica l ly curved sandwich panel is a commonly used structure in 
aircraft design; however, no analyses exist for natural frequencies of the panel for 
other than simply supported edges. In a practical appl icat ion, the panel edges are 
elastically supported. Natural frequencies for this configuration are generally 
bracketed by the two classical edge conditions, I .e . al l edges clamped or al l edges 
simply supported (these conditions are mathematically defined in the body of the 
analysis) . 
The complexity of the solution when elastic edges are included makes 
the problem imprac t i ca l using a v a i l a b l e techn iques . There fo re , this analysis 
wi l l only include solutions for clamped and simply supported edges. If the 
elastic constraints are in the form of rotational or in-plane springs normal to 
the edges, then the analysis presented here w i l l provide an upper and lower 
bound to the actual natural frequencies, wi th in the accuracy of the Rayleigh-
Ritz solut ion. 
Although the present problem, that of determining the f lexural vibrat ion 
modes of a clamped curved sandwich panel, has not been solved prior to this pub l i -
cat ion, several other papers dealing wi th honeycomb sandwich beam and panel 
vibrations have been presented. 
Ravi l ie , Ueng and Lei present a method of determining the natural 
frequencies of f ixed-end sandwich beams. The assumptions included homogeneity 
and isotropy of the thin elastic facings. Also, the core is elast ic, homogeneous, 
orthotropic, and rigid through the thickness ( i . e . , dw/dz = 0) and continuity exists 
at the interfaces. A Lagrangian mult ipl ier approach is used to satisfy the boundary 
conditions in the energy analysis. Comparisons wi th experiment show excellent 
agreement. 
(2) 
A further analysis by Uengv ' determines the natural frequencies of f lat 
honeycomb sandwich plates wi th al l edges clamped. The assumptions and method 
of analysis are identical to those of Reference (1) . The Lagrange mult ipl ier method 
is also used. Experimental values vary from 5% to 10% below calculated values for 
clamped edges. Discrepancies are attributed to di f f icul t ies in experimentally 
imposing the clamped edge conditions. 
Two analyses have been published which deal with curved sandwich 
(3) 
structures. Freudenthal and Bieniek determined the forced vibrat ion charac-
teristics of cyl indr ical ly curved sandwich plates wi th simply supported edges. The 
assumptions were simi lar to Ueng's.U *-f) Dissipative forces and elastic properties 
were accounted for in the complex modulus of e last ic i ty . The equations of motion 
were writ ten and a uniformly distributed pressure was included. An exact solution 
was found in terms of sine functions. No calculations or experimental confirmation 
were g iven. 
Mead and Pretlove went one step further than that presented in 
Reference (3) and included a variat ion in deflection through the thickness ( i . e . , 
dw/dz ^ 0) . They obtained both flexural mode and "bubbling mode" frequencies. 
(The term "bubbling mode" was coined in Reference (4). It pertains to modes wi th 
out-of-phase motion between the inner and outer faces.) The solution was 
determined from the equations of mot ion. The f la t -p la te solution was readily 
obtained, but when curvature was imposed it was necessary to assume that the core 
deflect ion could be described accurately by the f la t -p la te deflect ion equations. 
The curved plate boundary conditions were imposed, however. Extensive numerical 
results were included. 
Ballentine, Plumblee, and Schneider give an analysis for curved single-
layer panels and for sandwich panels with simply supported tapered edges. The 
single-layer panel analysis is for clamped edges. The sandwich panel theory 
uti l izes an assumed deflection series in a conventional Rayleigh-Ritz analysis. 
Good agreement is shown between theory and experiment. The first measured 
frequency is 20% below the calculated va lue. A l l frequencies associated with 




There are many methods available for determining frequencies of free 
vibrations of elastic systems. Some methods lead to solutions of the dif ferential 
equations of mot ion. The others deal with approximate solutions. One class of 
approximate methods is broadly categorized as "Energy Methods" . 
The analysis presented in this paper falls in the category of energy methods 
and is based on ut i l izat ion of Lagrange's Equations and assumed mode shapes 
(Rayleigh-Ritz Method). 
Assumptions 
It is assumed that the materials are l inearly elast ic, homogeneous, and 
orthotropic. Exact, l inear, strain-displacement relationships in cyl indr ical coord i -
nates are used. It is assumed that the radial displacement does not vary through the 
thickness of the shell . The assumption is made that normals remain straight such 
that displacement due to shearing varies linearly through the thickness of the sand-
w ich . It is also assumed that the faces of the sandwich are thin and that no trans-
verse shearing action occurs in the facing sheets. 
The configuration of the panel is shown in Figure 1 . It is uniform in its 
plane and has three layers of mater ia l . The middle layer acts as a low density 
stabil izer for the outer layers, creating a l ightweight panel resistant to bending. 
A curvi l inear coordinate system, shown in Figure 2(a), is used. The layers 
are: (1) for the center or core, (2) for the inner face, and (3) for the outer face. 




Figure 1. Curved Sandwich Panel Configuration 
z , w 




Figure 2. Sandwich Panel Coordinate System Showing the Shell Forces 
and Moments 
7 
Based upon these assumptions, the displacement of a given point in the 
panel, denoted by u., is given as 
, u, = "u + ziji nU^^xz + zcp ,u~ = w 
«u, = U - h,\|f /pU^^v-h^cp r ,u«-w (1) 
3 u ] = u + h1ij/ 3 u 2 - 7 + h l 5 p 3 u 3 = w 
where the pre-subscript r denotes the layer, the subscript i specifies the curvilinear 
coordinate (1 denotes x, 2 denotes y, 3 denotes z), and u,v are mid-surface 
in-plane displacements. 
Energy Formulations 
The first step in the analysis is the basic formulation of the strain energy 
and kinetic energy relationships. 
Strain Energy 
The strain energy density of an elastic body, without thermal stresses, is 
g i ven as: 
U04La.J U J ) - | L«JJ [C,,l [e,J (2) 
where the sinqle index ranqes from 1 to 6 (e, = e , en = e , e-, - e , e , -9 1 xx 2 yy' 3 zz' 4 
2e = Yoo = Y / ec = 2e = y 0 i
 = Y #' e , = 2e = v , 0 = Y ) • (The notation yz zo 'xy 5 zx 31 zx 6 xy 12 xy 
e , e , e . e , e , e is from SokolnikofP and £ , , e0 , e0/ Yoo/ Yow xx' yy ' zz yz7 zx' xy 1 ' 2' 3 23' ' 3 1 ' 
y-io is used In Wang^ .) Wang^ derives the strain-displacement relationships in 
generalized curvilinear coordinates in the following form: 
G l ~ A ] 0§1 A ]A2S51
 A i A 3 s?3 
i d u 2 u, oA 2 UO d A 2 
^ An oSo A i A n oSi A«Ao oSo 
1 du3 , u2 a A3 , u l s A 3 
J A « 0 S 0 A ^ A ^ o S o A i A Q OS] 
A 3 d (u3\ , A 2 o f u 2 
>o§2 V A 3 ; 
£ 5 = Y 1 3 " Y 3 1 = A ^ ^ V A j ) + A1 a?1 VA3 
G4 Y23 Y32 A2d§2 KA3)
 + A3 o?3 VA2 
 ^l^-(?T\ + tl-a-(?l 
A2 - , u ^ A 
6 " Y 1 2 " Y 2 1 = A7d 5, V A J A 0 a ? 0 V A J 1 °^1 N " 2 ' " 2 ° 3 2 N 1 
For the cy l indr ica l -curv i l inear coordinate system 
A 1 = A 3 = 1 , A 2 = R(1 + Z / R ) , ^ - X , S 2 = y /R, §3 = z . 
Substitution of Equations (4) and (1) into (3) yields the general exp 
for the strain components as shown in Equation (5) below: 
\ dx 5x 
2 R + z R + z \0y ay 
_ d w _ £-,= -— = 0 (one of the basic assumptions) 
O Q Z 
9 
- v + 6 4 R + z ' R+ z d-» 
e5 = o 7 + * dx 
F =3v + z & £ + R /ay + z a * 
e 6 ax z Sx R + z W z &y 
(5) 
(cont'd) 
The strain-displacement relationships for each layer of the sandwich panel 
are wri t ten in matrix notation for convenience in presentation and manipulat ion. 
In this form the strain-displacement relationships are: 







0 R a 
R + z ay 
I 0 
R + z 
0 0 0 0 
0 1 " R+z 
R a 
R + z By 
0 
0 0 A. 
ax 
I 
R $ A. 
ax 
n zR 
R+ z *y 
0 h (R + z) 
0 
zR a 
h](R + z) ay 
h,(R + z) 
i_ i l 










0 0 o 
~dx 
0 
0 R 5 
R + z dy 
1 
0 -R 9 
R+ z R+ z dy 
0 0 0 0 0 
0 
1 
" R + z R + z dy 
0 1 
R + z 













c) and for the outer face sheet (z - h,) 






0 R d 
R+ z dy 
1 
R + z 
0 R d 
R+ z dy 
0 0 0 0 0 
0 
1 
" R + z 
R d 
R + z dy 
0 
1 
" R + z 







0 R ?> d 




It w i l l be assumed throughout the analysis that the core layer is a thick 
(12) 
cyl indr ical panel wi th general orthotropic elastic properties. Chuv ' showed that, 
by using the strain-displacement relationships of Equation (5) to develop equations 
of motion, the frequencies of free vibrat ion are accurate for shell thicknesses equal 
to one-fourth the radius of curvature, if the wavelength of the natural mode is 
considerably greater than the shell thickness. 
The elastic coeff icient matrix for an orthotropic elastic medium is: 
[ ic ; i ] = 
i c n ic i2 i c i3 ° 
1C21 1C22 1C23 ° 
1C31 1C32 1C33 
0 0 
0 0 
0 0 0 
0 0 }CU 0 0 
0 0 0 0 }C 0 
0 0 0 0 0 1C66 
(9) 
The elastic coeff ic ient matrices for the thin faces are 
M 
2C11 2C12 0 0 0 0 
2C21 2C22 0 ° ° ° 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
L ° o o o o 2 c 6 6 
(10) 
[3CiiJ = 
3C11 3C12 0 0 0 0 
3C21 3C22 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
o o o o o 3 c 6 6 
(10) 
(cont'd) 
The strain energy of the panel is determined by integrating the strain energy density 
of each panel layer over its respective volume and summing the result. The method 
for performing this manipulation is only indicated at this point in the analysis. The 
strain energy of the panel is 
1 
U=?fKf L ieij[C; j][ iej}dz (11) 
S - h . 
- h . hCh3 
/ L^J [2C ] lje,J dz + / L3£lj [3C;j3 [3.,] dz} dS 
- h 2 - h , 
Kinet ic Energy 
The kinet ic energy density of a given layer in the composite structure is: 
T = ^ l u . j l u.} 
r o £ 7 r l r j J 
(12) 
Substitution of the displacement relationships of Equation (1) and subsequent 
13 
integration over the volume yields the kinetic energy in terms of reference surface 
displacements and rotations: 
h1 -h ] 
J = l f f { f .iPLjUjjtjil.} dz f 29i2u]j{26]] dz (13) 
S -h-i - h i ~ho 
Vh3 
+ / 3PL3uiJ(3u}dz}dS 
Boundary Conditions 
The procedure for determining boundary conditions consists of a first-order 
variat ion of the strain and kinetic energy. 
(12) 
Chu derived the equations of motion for a three-layer circular 
cyl indr ical sandwich shell using this method. The strain and kinet ic energies were 
derived in terms of the shell stress components and displacement components. 
Hamilton's principle was applied and the differential equations and boundary 
conditions were determined in terms of the stress components and the displacements. 
The boundary conditions for a longitudinal boundary (y = constant) required 
that one member of each of the fol lowing products be specified: 
N
yx"<
 N / ' Q y w ' [ i M y x + h i < 3 N y x - 2 V
] * 
and[1My + h ] ( 3 N y - 2 N y ) ] c p . 
For a circumferential boundary (x = constant), the products were: 
14 
N U, N v , Q w, [ ,M + h , ( Q N - 0 N )"l I|J . x xy x L l x 13 x I x J T 
a n d ^ M + h , L N - 0 N ) ] cp . L l xy 1 3 xy 2 xy J ^ 
The stresses and moments required in these boundary conditions are shown in Figures 
2(b) and 2(c) . 
For this analysis, the classic boundary conditions for simply supported edges 
are given as; 
a) 
b) 
The boundary conditions for a panel wi th clamped edges are: 
Lj=v" = w = i|f = cp = 0 
on a 11 edges . 
x - 0 and I 
natural boundary conditions 
N = 0 , f , M + h , ( Q N - 0 N )1 = 0 yx L l yx I J yx z yx J 
forced (or geometric) boundary conditions 
V - w = cp = 0 
y = 0 and b 
natural boundary conditions 
N - 0, [ ,M + h. («N - 9 N )] = 0 xy L l xy 1 3 xy I xy J 
forced (or geometric) boundary conditions 
u - w = ill = 0 
15 
An exact solution can be obtained for simply supported edges. The 
displacement functions for the exact solution are given as 
u = y y T f - U (t) X1 (x) Y (y) 
L L P mnv ' nv ' n v / 
* = J ^ V m n « X r n « Y > > 
W = I I W m ^ X r aW
Y„W C4) 
n m 
cp^Vy _L$ (t) X (x) Y'(y) 
^ L> L y nrinv ' mx 7 n v / / 
The mode shape func t ions X (x) and Y (y) are 
X (x) = Sin ^ x Y (y) - Sin y y 
mx m n N / / n7 
nrr 
Y n T 
Each set o f terms in Equat ion (14) sat isf ies the d i f f e r e n t i a l equat ions of m o t i o n . 
App rox ima te Free V i b r a t i o n Ana lys is for C lamped Boundaries 
The Ray le igh -R i t z method is employed in the deve lopment o f an approx imate 
f ree v i b r a t i o n analysis for c lamped boundar ies . The Ray le igh -R i t z method requires 
that the d e f l e c t i o n of the e last ic system be approx imated by a sequence o f funct ions 
w h i c h converges in the mean-square sense to the exac t d e f l e c t i o n . The d e f l e c t i o n 





also requi red to form a comp le te se t . 
If the assumed mode func t ions sat isfy not o n l y the geomet r i c boundary 
cond i t i ons , but also f u l f i l l the requirements of a l l the natura l boundary cond i t i ons , 
convergence is much more r a p i d . In the case o f s imply supported boundar ies , the 
exact solut ions can be used. 
It is known that convergence is ob ta ined w i t h fewer terms i f the assumed 
mode c lose ly approximates the d e f l e c t i o n shape, p rov ided completeness cond i t ions 
are s a t i s f i e d . O n e set o f mode func t ions used for the c lamped edge analysis 
u t i l i zes the c lamped beam func t i ons . 
The mode funct ions are 
X (x) = Cosh B x - Cos B x - a (Sinh B x - Sin 0 x) 
m m m m m m 
Y (y) = Cosh Y y ~ Cos y y - 9 (Sinh y y - Sin y y) 
n V 7 / n7 n7 nx ' n7 n7 
Cosh B I - Cos B I 
rn m 
m Sinh B £ - S in 8 I 
m m 
Cosh v b - Cos Y b 
Q n LD_ 
n Sinh Y b - Sin y b 
n ' n 
and 8 and Y a r e de te rmined from the f o l l o w i n g re lat ionships 
(15) 
Cosh 3 I Cos p I = 1 
m m 
Cosh Y b Cos Y b = 1 
' n ' n 
Use of the func t ions o f Equat ion (15) is jus t i f i ed because they can be used d i r e c t l y 
in the d isp lacement re lat ionships of Equat ion (14 ) . There fo re , use o f the beam 
\7 
functions permits simultaneous solution for two sets of boundary conditions using 
general mode shape notat ion. Substitution of the actual mode shapes Is never 
accomplished, since integrals of the beam functions have been tabulated by 
c l O3) 
Felgar. ' 
Since the beam functions are eigenfunctions, they satisfy the requirements 
for a complete set as shown by Courant and HUbert. ' The completeness of the 
first derivative of the beam function has not been demonstrated, but the first 
derivative of the clamped beam function has been used by many research investiga-
tors in panel and shell vibration analyses (Scruggs, Ballentine, and SewalP ') 
A paral lel analysis was conducted using sine functions to satisfy the 
clamped boundary conditions. The set of deflect ion functions used are 
U=YY U X (x) Y (y) 
LL, mn nrr ' r r " 
v=yV V X (x) Y (y) 
LJ/J mn nrr ' n 7 
w = y y W X (x) Y (y) (16) 
A / , mn nrr ' n T 
ijf =7 y Y X (x) Y (y) 
y L L mn nrr ' r r " 
cp =y y I X (x) Y (y) 
^ Li u mn nrr ' n v / / 
The mode functions are 
X (x) = Sin p x Y (y) = Sin y y 
rrr ' m nr r " ' n7 
a _ mn _ nrr 
P m " T Y n ~ ~ b ~ 
IS 
The manipulations required to calculate natural frequencies are shown only for the 
exact solution of simply supported boundaries and the beam function - clamped 
boundary solut ion, since in generalized form (Equation (14)) the displacement 
equations are iden t ica l . The f inal equations for the clamped boundary using sine 
function approximations are presented in Appendix I . 
Strain Energy 
If would be v i r tual ly impossible to determine the strain energy without some 
form of bookkeeping system, because of the number of terms and manipulations 
involved in accomplishing the requirements of Equations (11) and (13). Therefore, 
to provide some degree of orderliness, matrix notation is ut i l ized throughout the 
remainder of the analysis. 
The equations for strain (Equations (6), (7), and (8)) are writ ten as: 
W =[rAik] H I < l7> 
where u, represents the displacements ( i . e . , u, = u, u« - v , u^ = w , u * = h,i|f, 
Ur - h,cp). [ A . i l is an operator matrix and the pre-subscript r denotes the layer. 
The assumed displacements of Equation (14) may also be represented in 
matrix form and are: 





0 0 0 0 
0 
Y' 
X m Y 
n_ 
0 0 0 
0 0 L\nYnJ 
0 0 












Substitution of Equation (18) into Equation (17) yields: 
frejMA jk][LBmnJkk]{{qmn}k} (19) 
or performing the operations required by the operator matrix [ A ] , the strain is: 
W =[rLDmrrljk] {*%,„> J (20) 
Now, substituting Equation (20) into Equation (2) gives strain energy In terms of the 
generalized coordinates: 
rUo * J L L VtJ t W « l trSjl TrLDmnJ j k] { t ^ n J J (21) 
After performing the indicated mult ip l icat ions, the strain energy density is 
r U 0 4 L
L q s ^ j [ r [ E s t m n V k ] { ^ m n 5 j <
22> 
Since the o b j e c t i v e is to o b t a i n to ta l strain energy o f the p a n e l , i t is 
necessary to in tegra te the strain energy densi ty ove r the v o l u m e . The most c o n -
v e n i e n t man ipu la t i on is that o f In tegra t ing the st ra in energy densi ty through the 
thickness for each layer and then summing over the layers . A f t e r this o p e r a t i o n , 
the stra in energy surface densi ty is in tegra ted ove r the panel surface a r e a . The 
stra in energy surface densi ty is g i ven as 
h , - h i h-|+ho 
S - f 1 UQ dz + f 2Uo dz + y QL 3~o ^ r T 3* 
- h , ~ n l " n 2 ^1 
The S matrix is mathematically represented as follows: 
rS = L L q A j [ r ^ t m n U ] K n 5 k } <24> 
A f t e r c o m p u t a t i o n , the F's are summed over r, resul t ing in 
3 
CGstnmUk = I rPstmnkk ( 2 5 ) 





R + z 





R + h n M 2
hT 
R+z
 = 2 h l - R K R ^ h 7 ) ~ - V 
J 1 ^ -2Rh,-R«h.(J^f)-ifr 
dz 
-h 
_ l _ J 2 h W , h l \ - 2 h ' H 
'1 
r1 zdz _ R R . / R + h I \ i h 
./ /D ^ x2 " R + h ' R - h "




h l z 2 d z R2 R2 /
R + h l \ 2 h ? 
/ 7fr~T2=2hl "R^T+R-h, "2R ir\R^h7>)^3^ 
- h 1
 ( R + z ) ' l " n l 1 
-h. 
J R + z R V 
2h, + hn 3h? + 3hnh„ + h i '1 "2 , " M l ^ T ' 2 "2 
"sr 




3h? + 3h,ho+ h i 1 dz h 2 / , r ,2\ ^2 
v ^ ^ ( ~ ^~)_R24 
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J R T T ^ ^ l 1 -~H + ^ / " ^ 2 6 (cont'd) 
The f i n a l step in the de r i va t i on of s t ra in energy Is the i n teg ra t i on of st ra in 
energy surface dens i ty over the panel a rea . This i n teg ra t ion is i nd i ca ted in 
Equat ion (11 ) . The in tegra ls for the s imply supported mode func t ions are g i ven as: 
f x X dx = 6 k - 4 T M 




f X' X' dx = 6^ 0 2 £ = ^ J f f i 




f X'1 X" dx = 6c 3
4 | = pf, -t ,M, 
J s m sm m 2 m 
/
r 9 ^ 
X " X d x = / Xe X " d x = - ~ ^ s m J s m £ 
0 0 
b 
[ Y , Y dy = 6 ; ^ = b ,hL 
J t n ' t n 2 I tn 
0 
r Y 2 b 9 N f 
( Y ; Y' dy = 6f - V ^ V * 
J t n ' t n 2 b 
0 
b 4 u 
r Y « / 
Y'1 Y " dy = 6 , - 4 - = Y b , NL J t n 7 t n 2 ' n l t n 
0 
b b N 
(27) 
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It is noted that since these functions are exact solutions, they are 
orthogonal functions. The generalized nomenclature for the inteqrals (.M .N ) 
y xl sm' i tn ' 
is used for both edge condit ions. The value o f the M's and N's w i l l be determined 
by the edge condi t ion. 
I 
s m sm sm J 
0 
I 
\ X1 X ' dx = 6 a 0 (a, 3 I - 2) 
J s m sm m m m m 
o 2 2 
4 3 l ( a g - a 3 ) r _^ -, 0 M 
, /n r x s nrr m m s ^s , , ixrrr+s 2 sm 
P^-pf 
m s 
f X" X" dx = 6 $4 I 
J s m sm m 
0 
f X" X dx = f X X" dx 
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0 0 
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f Y Y dy = 6 b 
J t n 7 t n 
0 
b 
/ Y ; Y n d ^ 6 t n e n ^ V n b - 2 ^ 
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0 0 (cont'd) 
The integrals required for clamped edges, using the sine functions appear in 
the fol lowing equation 
/ 
X X dx = 6 4 = £ , M 
s m sm z 1 sm 
X' X dx = - / X X ' dx 
s m 
0 
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After evaluation of the surface integrals, the strain energy is: 
u = LL"A] [ ^ J tk] {KJ\} <30> 
This completes the derivation of strain energy, but from the standpoint of 
evaluation for realistic aircraft construction, some simplifying assumptions may be 
made. These include: 
(1) For cores made of l ightweight honeycomb, the elastic constants are 
approximated by: 
1C11 1C12 1C21 1C22 1C66 ° 
l C 4 4 " G y z 
\C55 = Gxz 
(2) If the facing sheets are of sheet metal , wi th both sides of the same 
mater ial , the elastic properties are assumed to be isotropic and the 
elastic constants are: 
,c„=,c. - E 2^11 3^11 , 2 
1 - v 
2^12 3^12 2^21 3^21 . 2 
1 - v 
C = C • = - & — 
2 L 22 3C22 . 2 
I - v 
2C66 3C66 V~T~) ] _ 2 
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(3) For convenience in manipulation and presentation, i t is assumed that 
h 2 - h 3 . 
(4) It is assumed that the core thickness is very much less than the radius 
of curvature. In aircraft structural applications, h , / k w i l l usually be 
less than 0.01 . It is also tac i t ly assumed in the der ivat ion, in the 
statement of the strains, that h« « h, . 
These simplifying assumptions are introduced into the f inal equations, and the 
general terms of Equation (30) are not shown for sake of brev i ty . 
Another simplif ication in presentation of the theory can be obtained by 
non-dimensionalization. The parameters chosen for this operation are 
9 = b/R (Subtended Angle) 
t = - t /h« (Ratio of Panel Length to Skin Thickness) 
A = b / t (Aspect Ratio) 
g = h^/hr, (Ratio of Core Thickness to Skin Thickness) 
0 - v 2 ) G 
S = F —̂ (Ratio of Core Shear Modulus to Skin Bending Modulus) 
^ _ p /p (Ratio of Core Transverse Shear Modul i for 
xz ' yz Orthotropic Material) 
Introduction of these parameters reduces the number of independent 
variables from 8 to 6; a significant reduction for evaluation purposes. A natural 
parameter to include in the non-dimensionalization of frequency is the stretching 
2 
stiffness of the faces, Ehr>/(1 - v ) . Upon factoring out this parameter and int ro-
ducing the above non-dimensional variables and simplifying assumptions, the f inal 
version of the strain energy matrix is derived and is denoted as the L matr ix. The 
terms in the L matrix appear below. Terms below the diagonal are not g iven, since 
the matrix is symmetric. Aga in , this stiffness matrix is for simply supported and 
clamped boundaries (assuming beam functions) . The stiffness matrix for sine 
function - clamped edges is given in the Appendix. 
[Lstmnl„=4v>Ji
Nj] + (V) UF^RT^ j] 
m ' x "s 
r, -, - p+v\ r^m r^yii 
LLstmnJl2 m L s i LY b J J 
!> n 
[LstmJ,3 = -
9 [TT 1 t 1 N t n ] ] 
[Lstmjl4 = 0 
[LstnJ]5 = ° 
[ L s t m n ]224 [ l ^ m ^n
b )% N j ] + S 9x [ l M s rn [ ^b ) ] ] <31> 
•w 4*. fell 
LLstmj23 = _ I LlMsm C^T}} " ^ LlM«n ftjuJ 
tLstmJ24
 = 0 
fLShnn325 = - ^ [ l





N,nl] + S C9A tM SJ l
N J ] 
[Lstmnl34 =
 S C t A [ l 7 1 [ ' N t n l ] 
sm L^VJJ [Lslmj35 = St 
[Ls^nl 44 = *[K*2 lMsJ,Ntnl] + ̂  I raft) ^ E j M s m j] 
A |_(e/)(^) f2NtJj 
r I 1 - ' 1 ± ^ r ^ r n l " 2 N f n l l 
LLstmnJ45 V 2 / [ p t L Ynb JJ 
[LstmJ55 = A[ lM»n^nb)2 lN j ] + ^ [ l M s m [ ( ^ b ) ] J 
(31) 
(cont'd) 
'¥)* [2Msm L(Ytb)(Yn b). 
The matrix nomenclature used in Equation (31) is somewhat unconventional 
and, therefore, is defined below. The matrix [ M [ N ] ] in expanded form is 
LMsJNtn]] = 
M l l L N J M ) 2 [ N J M ] m [ N j 
M2lLN tn] M 2 2 [ N J M2m[N tn] 
M s l [ N J Ms2[Ntnl M [N, ] sm L t n J J 
(32) 
This nomenclature has been introduced because it seems natural for this problem. 
The requirement arises in the integration of mode functions such as 
/ / (Xs Yt) LXm Y J dy dx . (33) 
Kinetic Energy 
The general form of kinetic energy is indicated in Equation (13). After 
substitution of Equation (14) into Equation (13), and introducing the simplifications 
used in the strain energy, the resulting kinetic energy is: 
T = p2h2ib[LqstjJ[[Mstmn]J{Cqmn}J (34) 
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One additional non-dimensional parameter has been introduced. This parameter is 
the mass ratio 
H - p 1 / p 2 . 
Frequency Analysis 
Lagrange's equation may be used to f ind the frequencies of free v ibrat ion. 
The fol lowing form is used in a free vibration analysis since the system is conserva-
t ive: 
dtVSq s R ; Sq sR dqsH, 
(36) 
The equations which result form an eigenvalue problem of the fol lowing 
form: 
[^Hnnttl - f l t<* stmrvtk 3j [qmnk} (37) 
where 
a 
2 p^b(l - v ) 2 
- F iJJ 
The system of equations expressed by Equation (37) must ult imately be 
reduced to a form suitable for computer solut ion. The mult ip le subscript, stmrvtk, 
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must be replaced wi th a double subscript, i j , in the formation of the eigenvalue 
matr ix. This change in subscripts is really only a matter of bookkeeping. Once 
accomplished, the problem becomes 
[L. . ] tq .J-Q 2CM I . ] tq iJ-0 (38) 
The eigenvalue solution to be used is a method Jacobi developed. In 
effect, the solution requires diagonalization of the eigenvalue determinant by 
coordinate transformations. This method requires symmetry of the eigenvalue matrix 
If, in Equation (38), the symmetric stiffness matrix is premultipl ied by the inverse 
of the diagonal mass matr ix, a non-symmetric eigenvalue matrix results. This 
problem is circumvented by a transformation. Let the diagonal matrix f " M ^ be 
expressed as: 
CM..J =£VMT] CVMT] (39) 
Substitution into Equation (38) gives 
[L ] [q } - C ^ V M ^ | V M 7 ] {q.} = 0 . (40) 
if r u " " u \r •' 
Premultiplying by the transpose of [V/v\^ results in 
F/MTJ- 1 [L. . ] C V M ^ - 1 ^ . J [ } -n
2[-VM:] tq,J = o . (4i) 
In this transformation, the mode shape becomes 
{x.} = [ V M . . ] [q.} . 
i L \r \ 
Since only the normalized eigenvectors are of interest, this substitution i 




[*;} - ^ [ 1 ] [x.}=0 
CHAPTER III 
NUMERICAL STUDY 
An analysis of the type presented here is d i f f icu l t to perform because of the 
large number of mechanical operations which must be made in the der ivat ion. For 
this reason, it is desirable to use existing analyt ical methods to check numerical 
results, if they are appl icable. 
From the outset, the equations were arranged to allow confirmation of the 
(3) 
f inal results wi th Freudenthal 's analysis for simply supported edges. The clamped 
beam functions were chosen because they satisfy the geometric boundary conditions 
and also have the same general form as Equation (14) for the displacements in terms 
of mode shapes. Use of identical generalized forms for the clamped and simply 
supported deflect ion series meant that the analysis could be conducted in one 
operation for both sets of mode functions. Also, the f inal equations would be app l i -
cable to both boundary conditions by changing only the values of the mode-function 
inteqrals, M and N. . y ' sm tn 
Once the analysis was programmed, the results from the simply supported 
case were compared with results from Freudenthal's analysis. These results were 
found to be ident ica l , as required. 
This comparison also helped In the analysis where sine functions were used 
as the clamped-beam mode shapes, because of the similarity of the analyses. 
After numerical confirmation of the digi ta l analyses, three studies were 
made. Those studies were to determine 
(1) if convergence could be obtained for the first mode frequency with 
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clamped edges, 
(2) the amount of coupling between modes, and 
(3) the effect of the various parameters on the modes. 
In the accomplishment of these items, the values of the parameters used were for 
the experimental test panel. This panel is typical of construction in the aircraft 
industry. 
Convergence Analysis 
In determining the number of series terms required for convergence of the 
first mode frequency, several different combinations of modal series terms were used. 
The combinations and frequencies are listed in Table ] for the beam function 
analysis. Examination of the tabulation shows that the fundamental frequency 
continues to decrease as the total number of terms increases. There is no assurance 
that convergence w i l l occur since the reduction in frequency is 2 .4% if the number 
of terms in each direction is increased from 1 to 2 and the decrease is 4 . 3 % if the 
number of terms is increased from 2 to 3 in each d i rect ion. 
Since the sine funct ions form a comple te sequence, the chances for 
convergence using this set of assumed mode functions is better. Table II shows the 
effect of number of terms on calculated frequency. It is obvious that convergence 
is better using this series, since 9 terms (3,3) decrease the first mode frequency 
only 0 .75% below the 1 term va lue. Both these sequences were truncated because 
of computer l imitat ions. The size of the eigenvalue matrix is 5 x m x n and is 
l imited to 45. 
The conclusions which can be made from the convergence analysis are 
(1) the beam function analysis does not show any defini te trend toward convergence 
with 9 terms, (2) the sine function analysis appears to be converging in the first 
Table 1 . Effect of Number of Modal Series Terms on Convergence of 
Modal Frequency Using Beam Functions 
N o . of Terms Non-dimensional i zed 
Straight Curved 
Frequency 
Q0,i) Edge Edge 
M N 
1 1 0.05732 
1 2 0.05635 
1 3 0.05411 
2 1 0.05530 
2 2 0.05594 
2 3 0.05361 
3 1 0.05674 
3 2 0.05576 
3 3 0.05339 
Table 2 . Effect of Number of Modal Series Terms on Convergence of 
(1,1) Mode Frequency Using Sine Functions 
N o . of Terms Non-dimensionalized 
Straight Curved Frequency 
&0,1) Edge Edge 
M N 
1 1 0.07091 
1 2 0.07083 
! 6 0.07080 
1 9 0.07080 
2 2 0.07049 
2 4 0.07046 
3 3 0.07039 
4 2 0.07039 
9 ) 0.07050 
mode using 9 terms, and (3) the two analyses appear to be converging to different 
eigenvalues. The difference in frequency cannot be accounted for, since both 
analyses have been thoroughly checked. It is fel t that the sine series probably 
gives more accurate results since i t meets al l the requirements of the Ray leigh-Ritz 
analysis; however, the beam function frequencies are more acceptable, since they 
are lower. 
Modal Coupling Effects 
The mode shape for each eigenvalue contains contributions from all the 
generalized coordinates unless the mode is a normal mode. The mode number is 
determined by the generalized coordinate wi th the greatest magnitude, 
The computer output containing the eigenvalues and eigenvectors 
calculated for the test panel is given as Figure II . 1 in Appendix II . The output for 
the sine modes is shown f i rst . There is hardly any coupling in the f lexural modes. 
For example, the flexural def lect ion shape for the (1,1) mode is approximately 
w = 0.9992 5 i n — - S i n ^ - 0.0295 Sin ^ Sin ^ P 1 - 0.0201 S i n ^ p S i n ^ 
The other terms are negl ig ib le. 
Some of the in-plane and rotational modes are more highly coupled, as can 
be seen by examination of the mode shapes. However, these modes are not of 
primary concern in this analysis. 
The mode shapes for the beam function analysis are more highly coupled as 
can be seen in Figure 11.2. For example, the (1,3) mode shape for f lexural 
deflections is 
w = -0.0595X 1 (x)Y 1 (y) + 0.9858X1(x)Y3(y) + 0.1408X ] (x)Y5(y) 
+ 0.0555X3(x)Y3(y) + 0.0178X5(x)Y3(y) 
These results also indicate that the sine functions are better assumptions, since the 
mode shapes are purer. 
Parameter Study 
It is very helpful to have a general idea of the effects of the various 
parameters on the results. This is useful in two ways. First, it indicates, in 
general , which parameters are important and which ones might be neglected in 
future analyses. Second, it provides a means of explaining certain deviations from 
experimental data, i f the results happen to be part icularly sensitive to a given 
parameter. 
The experimental test panel was chosen as a basis of comparison for 
variat ion of the parameters. Each parameter was varied Independently wi th al l the 
others f ixed at the text panel values. 
The data shown were obtained from the beam function analysis. Enough 
data points were calculated wi th the sine function - clamped edge analysis to con-
firm that the trends were the same, although the calculated eigenvalues were larger 
for the lower modes. 
Effect of Subtended Angle 
The range chosen for this variat ion was 0 to 1 radian. As expected, an 
increase in curvature increases natural frequency of the panel as shown in Figure 3. 
A point of interest is the tendency of the frequency of the (1,1) mode to 
approach the frequency of the (1,3) mode. This effect is caused by a buildup of 
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Figure 3. Effect of Panel Curvature on Characteristic Values 
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(8) 
discussed in several papers, Arnold and Warburton^ ' being the first to point out the 
(9) ef fect . Scruggs , in his Master's Thesis, compared the stretching energy with 
bending energy for a canti levered cyl indr ical shel l . In this analysis it was shown 
that the minimum in strain energy is not in the (1,1) mode, as in a f lat panel, but 
occurs in some higher mode of v ibra t ion. The mode with the minimum ratio of strain 
energy to generalized mass is generally the lowest frequency mode. 
Effect of Core to Skin Thickness Ratio 
With al l other parameters f ixed, an increase in the core to skin thickness 
ratio can be looked at more simply as a core thickness increase wi th al l remaining 
panel dimensions f i xed . The obvious effect is one of increasing the bending st i f f-
ness of the panel. For relat ively thick cores the f lexural r ig id i ty of a simple 
sandwich plate reduces to 
h , h 2 
D « 2 E x-~- h ] » h 2 
(1 - v ) 
For a f lat honeycomb panel, Sweers shows that the first mode natural frequency 
is proportional to v D , if shear modulus effects can be neglected. Therefore, 
frequency would be proportional to core thickness for large core to skin thickness 
ratios. The frequency increase experienced in Figure 4 is closer to a square-root 
function of core thickness. The reasons for the difference between this and Sweer's 
analysis is the inclusion of core shear modulus and the radius of curvature of the 
panel. 
Effect of Core Density/Skin Density Ratio 
The value of core/skin density ratio for practical aircraft construction 






CORE THICKNESS/SKIN THICKNESS 
ure 4. Effect of Core/Skin Thickness Ratio on Characteristic Values 
with heavier core materials were contemplated. The effect of increasing the ratio 
is predictable. Examining Figure 5 it can be seen that an asymptote is approached 
for values less than 0.01 . Then as the ratio is increased - the mass increases, the 
spring does not change - frequency decreases. 
Effect of Ratio of Shear Modulus of the Core to Young's Modulus of the Skin 
This parameter variat ion emphasizes the requirement of including transverse 
shear in the sandwich panel analysis. The effect of varying the ratio is of con-
siderable magnitude (see Figure 6) . The consideration of transverse shear 
effect ively increases f lex ib i l i t y of a solid p late. For a sandwich plate with a weak 
core, the f lex ib i l i t y is greatly increased. From simple beam theory, these effects 
can be more readily perceived. The stiffness correction factor for a honeycomb 
beam is 
1 + 3 
where 
3 = 
n 2 E h 1 h 0 2 
1 2 =n__g, 
G£ 2 ( l - v 2 ) St2 
From this relationship, i t can be observed that as the ratio of G/E is reduced the 
stiffness factor increases and natural frequency would be expected to decrease. For 
the basic panel, g » 1 2 and t « 1000 so that 0 * 1 . 2 x 1 0 / S . Therefore, for 
- 4 
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Figure 6. Effect of the Ratio of Shear Modulus of the Core to Young's Modulus of the Skin on Eigenvalues & 
CHAPTER IV 
EXPERIMENTAL PROCEDURE WITH THE COMPARISON OF 
CALCULATED A N D MEASURED RESULTS 
There are only three references available which comment on the problems 
that arise in attempting to effect ively clamp the edges of curved panels. These 
studies^ ' ' al l indicate extreme dif f icul t ies in obtaining the complete 
clamped condi t ion. 
Reference 6 presents the most detailed set of experimental data that has 
been published for cy l indr ica l ly curved panels. In this study, natural frequencies 
and Chladni patterns were found for most modes from the (1,1) through the (5f5) 
mode. Panels 9" x 11 " of two thicknesses - 0.032" and 0.048" - were tested at 
four radii - 4 8 " , 7 2 " , 96 " , and <» (or f l a t ) . In some unpublished tests, one panel 
was selected to demonstrate the effect of clamping on natural frequency. This 
panel, 0.048" thick at 96" radius of curvature, was first attached to a rigid frame 
by bolt ing at one inch intervals around the perimeter of the panel . Nex t , a similar 
rigid frame was placed on the top surface of the panel . The frames, which sand-
wiched the edges of the panel, were fastened wi th bolts on 1" centers. The 
natural frequencies increased. F inal ly , a second row of bolts, staggered with 
respect to the first row, was included to further clamp the frame together. Increases 
in frequencies of as much as 12% were noted when compared to the values obtained 
from the first experiment described. S t i l l , the (1,1) mode experimental frequency 
remained 29% below the calculated va lue. The calculated values of Reference 6 
(15) were confirmed by Sewal l . 
Other experiments (unpublished) were run in conjunction wi th the tests of 
Reference 6 to determine the necessary requirements to provide a perfectly clamped 
edge for the simple curved panels. However, other problems were encountered. 
As the frames were made more massive and rigid and the panels were made thinner, 
thermal effects completely negated the tests. O f course, the thin panel reacted to 
temperature changes much more rapidly than the massive boundary clamp, which 
for practical purposes stayed at constant temperature for small variations in room 
temperature. Since the boundaries of the panel were very r igidly clamped, 
extension or shrinkage due to temperature changes was direct ly reflected as a 
pre-stress in the panel . In one instance, by changing the temperature 4°F with a 
heat lamp (measured wi th a thermocouple attached direct ly to the panel), about a 
50% decrease of the first mode frequency resulted. The panel was f lat and made of 
0.020" thick aluminum 14" x 16" in size. The frame was made of 1/2" steel p late. 
The panel was sandwiched around its perimeter between two identical sections of 
the frame. 
With the problems experienced in trying to clamp the edges of a simple f lat 
or curved p la te, i t was fel t that some other method should be attempted with the 
sandwich panel . Comparing the two panels, the plate stiffness of the sandwich 
panel is about 250 times greater than that of the simple panel tested in Reference 6. 
The major reason for the di f f icul t ies experienced in clamping the edges of 
the curved panels is def in i te ly related to the curvature, since no apparent problems, 
other than the temperature variat ion mentioned above, have been encountered in 
clamping f lat beams or plates of simple^ ' or laminated construction. ' 
The explanation seems to be that the in-plane motion and rotation in the 
curved d i rect ion, 7 and cp, are very d i f f icu l t to restrain. When compared to w, 
v" is normally 2 to 3 orders of magnitude smaller. A cri ter ia for acceptable 
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clamping is proposed and can be expressed by placing the fol lowing restrictions on 
the deflections: 
W , <• £ W 
edge max 
U . < £ U 
edge max 
v , =£ e v 
edge max 
is , <. e il/ 
Yedge Tmax 
cp _i ^ e cp ^edge Tmax 
If v is 1000 times smaller than w . then v , must be 1000 times smaller 
max max edge 
than w . . This implies that the frame must be extremely riqid in the direction of 
edge r '• ° 
in-plane motions. 
Test Arrangement for Curved Sandwich Panel 
For the experimental ver i f icat ion of the calculat ions, a sandwich panel was 
selected which was constructed for another series of tests. The physical data and 
description of the panel are listed below: 
I - length 16.50" 
b - arc length 23.00" 
2h, - core thickness 0.372" 
h^ - skin thickness 0.016" 
pP - core density 5.25 x 10"6 
# 2 ff-sec 
. 4 
in 





Core material - Fiberglass Honeycomb 
G 1.80x 104psi 
xz r 
G 9 . 0 5 x l 0 3 p s i 
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Skin Mater ial - Titanium 
E 1 .62 x 107 psi 
G 6.13 x 106 psi 
v 0.322 
The edge mounting details are shown in Figure 7. The honeycomb core was 
removed approximately 0 .75" from the edge and an epoxy potting compound was 
used to f i l l this vo id . This was done in an effort to prevent crushing of the panel at 
the edge and also to try to prevent core edge rotat ion. In a further effort to prevent 
edge slippage and rotation, the perimeter of the panel was dr i l led for 0.25" bolts on 
1 " centers. Studs 2 .5 " long were then installed in the perimeter mounting holes. 
The panel was placed in a plywood frame and molten Cerrobend was cast 
around the panel edge shown in Figure 7. A photograph of the panel-frame combi-
nation is shown in Figure 8. 
The Cerrobend was chosen because it has some rather peculiar characteristics 
for a meta l . It melts at 158°F. When it cools it expands s l ight ly . However, the 
modulus of elasticity is only 1 . 1 x 1 0 psi . After the test was begun, the Cerrobend 
exhibited an unusual elastic property. As the test was conducted, the edges of the 
panel became loose, causing the natural frequencies to decrease. 
Experimental Procedure 
The panel-frame combination was placed in a large test f ixture bui l t around 
an MB C-10 , 1200"^ force vibrat ion exci ter. The setup is shown in Figure 9. The 
shaker force was input to the panel through a 1" thick rubber pad. The pad was 
bonded to the panel and to the shaker rod. The shaker rod attachment is shown in 
Figure 10. 
Natural frequencies were detected by monitoring the acceleration of the 
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Figure 10. Shaker Attachment 
panel during a constant force sine-sweep. The panel was sprinkled with cork dust 
to aid in the ident i f icat ion of mode shapes. 
Because of the extreme stiffness of the panel and also because of the 
method of exc i ta t ion, only 5 modes of vibration were detected. 
Comparison of Calculations and Experimental Values 
The measured values of natural frequency are tabulated in Table I I I . 
Values calculated for simply-supported edges and with both approximate methods 
for clamped edges are compared wi th the measured data. 
Examination of the measured values reveals that the experimental data are 
not bounded by the calculated values. This disagreement of results is probably 
associated with the loosening of the edges of the panel as described in the previous 
section. 
However, the differences can be explained by considering a variat ion of 
the shear modulus of the core. The shear modulus determination is discussed by 
/ l Q\ 
Kelsey, Ge l l a t l y , and Clark. Several different methods are used. Variations 
in the values of shear modulus of up to 50% are obtained by the different methods. 
It Is also shown that the face thickness affects the actual value of core shear 
modulus. Therefore, it is very l ikely that published values of core shear modulus 
could be in error by as much as 50%. 
A ± 5 0 % variat ion in shear modulus would place the fol lowing limits on 
some of the eigenvalues calculated wi th the beam function analysis: (1) The (1,1) 
mode frequency would vary from 535 cps to 642 cps. (2) The (1,3) mode frequency 
would vary from 812 cps to 1328 cps. (3) The (3,1) mode would vary from 1305 cps 
to 1840 cps. (4) The (3,3) mode frequency would vary from 1455 cps to 2200 cps. 
With variat ion of this magnitude attributed to variat ion in shear modulus, it can be 
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easily seen how the experimental values of frequency are not bracketed by the 
clamped and simply supported theory. 
Table 3. Comparison of Calculated and Measured Natural Frequencies 
N o . of 
Panel Act ive Areas Cal. :ulated Frequency 
Along inCPS 
Measured 
Straight Curved Clamped Clamped Simply Frequency 
Edge Edge Sine Functions Beam Functions Supported in CPS 
1 1 754 599 406 421 
1 2 916 825 not ca lc . 640 
1 3 1145 1099 1009 839 
1 5 1712 1732 1660 1387 




The Rayleigh-Ritz method has been used to analyt ical ly determine the free 
vibrat ion characteristics of cy l indr ica l ly curved sandwich panels wi th al l edges 
clamped and al l edges simply supported. 
The solution for simply supported edges is an exact solut ion. 
Two sets of mode shapes were used in determining the eigenvalues for 
clamped edges. The values obtained from the computer analysis did not agree for 
the two sets of modes. 
The experimental data do not compare wel l with the calculated values. 
This disagreement is probably caused by one or both of the fol lowing reasons: 
(1) The edges of the panel became loose during testing. 
(2) The shear modulus values for the core are subject to error. 
CHAPTER VI 
RECOMMENDATIONS 
The fol lowing recommendations are made: 
Determine the requirements for an effective edge clamp for curved panels. 
Determine better methods of measuring the shear modulus of a honeycomb 
sandwich core. 
Conduct al l panel vibration tests using acoustic exc i ta t ion, rather than 
mechanical shakers. 
Develop a curved sandwich panel with stiffness reduced by 1 or 2 orders of 
magnitude (as compared to the panel tested in this study). This "weaker" panel 




The elements in the stiffness and mass matr ix, resulting from the analysis 
which used sine mode functions to represent clamped edges, are listed in this 
appendix. The functions , M , ^M , , N t , and 0hJ\ are qiven in Equation (29) r r 1 sm' Z sm' 1 t n ' 2 tn 3 " v ' 
[StnJuM^^W] 
[Lstn,Jl3
 = -v9O l«[|NJj 
[Lstmn]l4 = ° 
CLstmJl5 = ° 
[Lstmn]224[l
Msm^n






tLstmn']24 = 0 
f i , i „ = -ster,M r.N.ii 
L stmnJZ5 U sm L l tnJJ 
2 f L l „=T-f ,M r iN. j l+MiM [(vb),N,l 
L stmnJ33 A U sm L l tnJJ A Ll sm L "n 1 tn-U 
+ SCgA[(^)
2
1Ms m |1N t n 
tLstm n334
 = S C t A i :2M a n I l
NJ] 
TL 1 l. = Stf1M UN 1] L stmnJ 35 L l sm L-2 t n J J 
2 
[Lstmn]44 =
 A L^ ) 2 l M S mTlN j ]






2,N l l + ^ M (\N ] ] L stmn-J 55 A Ll smLVTn ' 1 t n ^ q L l sm Ll t n J J 
+ A 1 - v )r(^)2 iMsmLiN t n ] ] 
Elements below the diagonal are not included since the stiffness matrix is synr 
metrical. 
The mass matrix elements are: 
[ M s t m n l l , = <
1 + 9 H > [ l M s J l N J ] 
^ s w W ^ ^ l ^ N j ] 
^ t m j 3 3 = <'
 + 9H> [ , * * „ , [ , N t n ] ] 
[ M S f m j 4 4 = <
1 + 9 H / 3 ) [ l M s m [ l
N t n l ] 
[ M s t m n] 5 5 = (
, + 9 H / 3 ) ^ s m r i N t n ] ] 
Al l off diagonal elements are zero. 
APPENDIX II 
The computer results referred to in Chapter III are listed in this section. 
The first set gives eigenvalues for the test panel using sine functions to satisfy the 
clamped edge condit ions. The second set of computer output ut i l ized the beam 
functions to approximate the clamped edge boundaries. 
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Ĉ 42 3 6 3 0 - 0 3 " 
C415730-CA 
h ( l 43 I 
H I 4 5 ) 
M 3 4 l 1 
W < 3 4 3 ) 
W(345J 
M 5 | l ) 
V. t 5 *3 1 
h ( 5 4 5 J 
P S I l l , 1 ) 
P S I C 1 . 3 ) 
R S K l i ! ) 
P S U 3 , 1 I 
RSIC3 ,3 ) 
PS 113 , 5 ) 
P S I 1 5 . 1 ) 
PSI 1 5 , 3 ) 
P S U 5 , 5 ) 
P H l l i U 
P K I U . 3 ) 
R H U , 5 ) 
P H 1 3 , 1 ) 
RHI 13 , 3 ) 
PHI ( 3 , 5 ) 
P H 1 5 . 1 )_ 
Phi 1 5 , 3 ) 
F M 1 5 , 5 ) 
•C -6 e 1 
•04135 
C4472 




C i A 7 3 
•G435C 




• 0 4 1 1 C 




G 4 5 7 5 
•C4423 
C 4 2 C 2 
C 4 3 3 7 
0 4 1 8 2 
0 4 6 9 7 
2C-GA 
2 C - G 2 
2C-C5 
7 C - G 2 
7 C - G 3 




6 C - G 2 
9 C - G 2 
5C-G3 
6 C - C 2 
A C - C 2 







C C - C 1 












C ; I A 3 
iCJIL1 
C43C6 
c ; e e i 
C : S A 7 
C4777 








C - 5 5 t 
C 4 I 7 7 
c; < i 5 
CJJ37 
•C423 7 
• e : e c 5 
3D-C5 
PC-CA 





C . I K 
c ; 2 2"c 
CJ9C2 
c : i e 5 




















• e n 3 3 
C . 211 
G J 1 86 












C ; * A € 








^ 2 2 9 4 ^ - ^ 2 





G .' e 5 3 








C . 1 7 7 













€ - 2 1 4 
€ JS C C 
C J S 3 4 
C;2 26 
G J 6 t 5 
G j^se 
4 C - C 2 
1C-C2 








C ; 5 3 2 
C : i 6 2 
C C - C A 
1C-C3 
tc-ci 
7 C - 0 A 
S C - C 3 
9 C - C 1 
C.^7C4D-C3 
c : i i3ao-c2 
r CJ21A2C-C2 
C 4 U E 5 C - C 2 
•C;455SD-C2 
C ;2212C-C2 
C : i P 7 
c j i e c 
C 4 2 C 3 
G4S17 
c i s e s 
C ^ 3 
7C-C3 
4 C - C ^ 
2E-C2 
€C-C2 
7 0 - C l 
5C-C2 
C;3A€ 
C ; 3 9 5 
C;222 
c u t 






























C J 1 C 7 C C - C 1 
C J 1 6 S 2 D - C 2 
c . s e i 




c a t e 
€ ; 2 1 G 
c e e i 
C4223 
C^2AC 







C ; i 2 9 
CiSS7 












C ̂  131 
c;7s4 
c;iic 
• c i 2 5 e 
€ C - C 3 




C D - C l 
c.i£sao-c2 
• C ; 2 7 6 3 C - C 1 
C . 1 2 3 
A C - C 3 
7 C - G 3 
C;C3A 
€ ^ 1 7 5 












Figure l l - l . Con t i nued 
FREQUENCE =» c'J2e#J7E Gl ~C i28TOC ~§ 1 ~G:29~92C CI C:3127C CI U 3 3 1 8 D CI 
GEh GCdPC 










- C ^ 5 1 9 € D - C 4 
L I I ^ 3 1 
HI 4 5 I 
1 ( 3 4 1 ) 
1 ( 3 4 3 1 
C m s » 








• c j i n i c - c i 
: C : t 5 8CC-C2 
- G ; 2 9 3 5 C - C 1 
•CT l76 5D GC 
• C ; 9 « 9 4 C - C 2 
CJ*3C*C-C5 
C,;2472Ci-C4 





C 1 6 8 5 1 I - C 4 
- C J 7 4 2 1 D - C 5 
- C J 1 1 1 5 D - 0 4 
C. I7572C-C5 
C^316eG-C« 




- C . I I 1 5 9 D - C 3 
CJ9C.98D CO 
H 9 4 3 1 
K S 4 5 J 
V i l l i ) 
J t m 3 i 
v i i i s i 




L 0 - 9 9 8 1 C - G 6 
•CJ~4C38C-e4 
CJ4432C-G4 
• C ; 3 1 8 9 C - £ 1 
•C;iC13»C CC 
C ; 3 9 C 9 C - € 3 
C; iAG3C-C2 









c ; 2SC1EJ-C:3 
•C ; i316C-C5" 
-C;S2C8C~05 






C 3 2 1 2 D - 0 3 
CI2754B-C2 
v m 3 i 
V13 45 ] 
\ 15 4 11 
V_L5_£3 1 
V I 5 4 5 1 






















C ^ 3 2 8 G - C 4 
C. I1371C-C2 
CJ1478C-C2 
C . I 3 6 5 D - 0 1 
C I 7 1 6 2 C - C 2 
C ; i 9 C 3 C - C 2 





K H 3 j 
U I | 5 J 
1.(3*1} 
^1343 I 
M 3 4 5 J 
w 15 a i 
W I 5 4 3 ) 
_> ( 3 4 5 1 
R S I I 1 . 1 ) 
_ P S I U * 2 ) 
RSI 1 1 , 5 ) 





• G ; 1 7 C 2 C - G 2 
CJ13C4C-G3 
C ; i 7 0 1 C - G l 
• o : i i 2 e c - G 2 
•C .76 54C-G3 
• 0 * 3 6 6 6 C - G 2 
•CU1919C-C1 
CJ78490 -C2 
C 1 8 3 1 C - C A 
C : i 5 9 1 C - C < 
C ; 6 9 l V c - C 5 
c . ' i c j K - c a 
C i 4 5 3 4 C - G 4 




C i 6 6 4 4 Q C 3 
GJ1233C-C1 
•CJ3831C-C3 
C ; i l A 3 C - C 3 
C ,9e83C-C3 
C : i 3 1 8 C - C 3 
C . 6 1 2 1 G - C 3 
- C J 2 3 4 8 0 - C 3 
C 2 5 C 9 C - C 6 
C^5e52C-G2 
C 3 6 7 C C - C 3 
- C J H 5 7 D - C 6 








6 J i l 4 6 C - C l 
• C a 5 9 8 C - C 2 
• c ; i i i e c - c i 
CJ2778B-05 
C i 3 7 4 7 D - 0 5 
• e ^ 8 3 3 C - C 3 
•C.'42C6C-C2 
CJ2167C-C1 
• C i I C 2 4 D - C l 
•C.;62fice-C3 
•C :2 tC2C-C2 
- C . 6 3 6 6 0 - 0 5 
C !8794D-C7 






P S I C 3 . 3 ) 
R S I 1 3 . 5 ) 
R S H 9 . 1 ) 
R S I t I . 3 ) _ 
PS I 1 5 , 5) 
> m i , i ) 
CJ951^C GG 





- C ; 5 9 5 5 C - C 2 
CJJ21SC^C3 
-C;56f i7Q-C5 
'G^57 8 7C-€4 
•C,'4 7 2TC-C8 
C ; i 7 6 2 C - C A 
- € 4 £ 8 2 e C - C l 
CiC476C CC 
• C . ^ A e S E - C l 
• C 4 5 2 1 C CC 
•C:393CD-C2 





- C ^ 7 2 9 1 C - C 1 
C:6529C~C3 
C.'2Ee5G-C2 
- C ; e C 5 9 E - C 2 
- C 6 2 7 2 C - 0 4 
C;8CC9C-06 
C J I 7 2 9 C - 0 5 
- C J 2 3 9 8 D - 0 6 
-C.15C8C-C6 
- C ^ 1 2 3 5 D - C 6 
R h l l l . l ) 
PHI C I , 5 ) 
P t -113 ,11 
I tJJSt l . ) 
RH 1 1 3 , 5 1' 

















• e J 4 9 4 S D - C l 
C;41C7C-C2 
C a 9 5 6 D - C l 
-CJlT2T0^55~ 




• C 7 3 9 G C - C 1 
c ; t C 2 7 C - C 2 
C J 3 C 7 9 E - C 1 
^CJ1CC8D-G5 
- C ; 4 9 2 2 D - C 5 
-CJ2C32C-C4 
P 1 - 1 ( 5 , 3 ) 
H H ( _ ! , 5 ) 
•CJ1227C GG 
C - 5 6 7 3 D - G 1 C;2C48C-C2 CJ4522.D CC C;e835E CC 
Figure l l - l . Con t i nued 
cu ou h - I T u j 
i 
•wi in 




CJ C', ' o U U u o C J C J O CJ C J L; CJ CJ CJ CJ C J u C J I O a CJ o CP C J Y o 'CJ CJ c j C J o C J C J CJ o O CJ o CJ u o o 










CJ CI o Q 1 
a 
f i 
a CJ ta CJ CJ CJ a 
I 
CJ CJ a 
1 1 
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_GEN CCQRD_ MODE SHAPE _MODE_SH APE__ MODE_ SHAP^ MOD£ SHAPE MODE SHAPE 
u r n i ) 0 « 2 6 9 3 D - 0 2 0 . 2 7 1 3 D - 0 2 - 0 . 3 9 4 7 D - 0 2 " 0 . 1 2 6 7 D - 0 2 - 0 . 7 4 9 8 0 - 0 3 
U ( l , 3 ) 0 . 1 9 9 1 D - C 2 - 0 . 2 4 2 5 D - 0 2 - 0 . 8 4 4 8 0 - 0 3 0 . 1 0 6 0 D - 0 2 0 . 9 9 9 0 0 - 0 4 
0 ( 1 , 5 ) 0 .9552D-C3" 0 . 1 1 8 4 0 - 0 3 - 0 . 3 5 1 7 D - 0 3 - 0 . 2 3 0 2 0 - 0 2 - 0 . 3 8 5 6 D - O 3 
_ U ( 3 , 1 ) _ - 0 . 2 0 9 0 0 - 0 3 - 0 . 7 6 2 0 0 - 0 4 0 . 3 3 0 6 D - 0 2 0 . 2 2 7 5 0 - 0 4 0 . 7 0 2 9 0 - 0 3 
U1373T - 0 . 4 3 1 7 ~ D - 0 4 0 . 1 9 7 2 D - 0 4 0 . 9 0 1 1 0 - 0 3 - 0 . 2 9 3 2 0 - 0 4 - 0 . 2 4 0 2 D - 0 3 
U < 3 , 5 ) 0 . 1 1 3 7 1 ^ 0 4 - 0 . 2 9 2 O D - 0 4 0 . 5 6 1 0 D - 0 3 0 . 3 1 9 2 0 - 0 5 0 . 5 9 1 7 ' O - 0 3 
U 1 5 . 1 ) - 0 7 3 0 4 9 0 - C 4 - 0 . 1 2 3 5 0 - 0 4 - 0 . 8 2 1 2 0 - 0 ? - 0 . 6 3 5 3 D - 0 5 0 . 2 2 9 6 , 0 - 0 4 " 
U 1 5 t 3 ) - 0 . 1 4 8 6 D - 0 4 0 . 3 1 6 6 D - Q 5 0 . 1 2 8 2 D - 0 4 - 0 . 1 6 3 0 D - 0 4 - 0 . 5 1 9 1 3 - 0 4 
U(5,5) -0.2108D-05 -0.11090-04 0.9149D-05 0.21340-04 -0.15040-05 
V ( l , 1 ) 0 . 1 8 8 8 0 - 0 1 - 0 . 1 9 2 7 D - 0 1 0 . 1 1 9 3 D - 0 2 - 0 H 1 1 0 0 - 0 1 - 0 . 1 9 8 7 D - 0 3 
V I I , 3 ) - 0 * 8 3 4 6 0 - 0 3 0 . 1 7 3 8 0 - 0 1 0 . 2 2 0 7 D - 0 3 - 0 . 7 2 5 4 0 - 0 2 - 0 . 4 2 3 O D - 0 3 
V ( 1 . 5 > - 0 . 2 6 6 0 D - 0 3 0 . 6 3 7 2 0 - 0 3 - 0 . 1 2 3 B D - 0 3 0 . 1 3 4 4 0 - 0 1 - 0 . 1 2 9 1 0 - 0 4 
V " ( 3 , l ) 0 . 1 7 8 3 D - 0 2 - 6 . 1 5 3 3 D - 0 2 0 . 7 5 4 7 D - 0 2 - 0 . 8 5 5 7 D - 0 3 - 0 . 7 2 8 3 0 - 0 2 
V I 3 . 3 ) 0 . 9 8 9 7 D - 0 4 0 . 9 6 0 0 0 - 0 3 0 . 4 0 3 2 0 - 0 3 - 0 . 3 5 8 8 D - Q 3 0 . 1 2 2 4 D - 0 1 
V ( 3 , 5 ) 0 . 3 8 6 4 D - 0 4 0 . 7 7 6 1 D - Q 4 - 0 . 4 0 3 3 0 - 0 4 0 . 8 2 2 1 0 - 0 3 0 . 3 9 5 2 D - 0 3 
V < 5 , 1 ) Q . 6 8 6 2 D - 0 3 - 0 . 5 6 0 5 0 - 0 3 0 . 9 8 4 0 0 - 0 3 - 0 . 3 1 3 2 0 - 0 3 - 0 . 9 4 3 4 0 - 0 3 
V ( 5 , 3 ) 0 . 7 6 6 6 D - 0 4 0 . 3 2 0 1 D - 0 3 0 . 6 6 2 3 D - 0 4 - 0 . 1 1 0 8 0 - 0 3 0 . 1 4 0 6 0 - 0 2 ' 
V 1 5 , 5 ) 0 . 4 2 0 I D - 0 4 0 . 3 0 5 7 D - Q 4 0 ^ 1 6 6 6 D - Q 4 0 . 2 0 7 1 D - 0 3 0 . 7 3 1 0 D - 0 4 
W ( 1 , 1 ) I 0 . 9 9 6 5 D OCT - 0 . 5 9 4 7 0 - 0 1 - 0 . 4 4 4 4 0 - 0 1 - 0 . 9 3 9 6 0 - 0 2 0 . 8 4 4 5 0 ^ 0 2 
y | I , 3 ) 0 . 5 8 4 9 D - 0 1 ^ 0 . 9 8 5 8 0 00| 0 . 2 6 0 4 0 - 0 2 - 0 . 1 4 1 8 0 00 - 0 . 5 6 7 0 0 - 0 1 
W ( l , 5 ) 0 . 1 7 7 8 D - 0 1 Q."J408D 00 - Q . 1 2 2 5 0 - 0 1 l 0 . 9 f l 6 4 H flfll - 0 . 1 1 3 9 0 - 0 1 
_ W j 3 , J J Q . 4 3 8 3 D - 0 1 - 0 . 9 6 5 9 0 - 0 2 J 0 . 9 8 / I D OOj Q . 1 0 2 0 Q - 0 1 - 0 . 1 0 9 1 0 00 
W t 3 , 3 ) ' 0 . 1 4 7 3 0 - 0 3 0 . 5 5 5 4 D - 0 1 0 . 1 0 6 1 D 00 - 0 . 5 6 i 6 D - 0 2 ~ ~ [ 0 . 9 7 750 OOj 
W<3,5) - 0 . 6 2 3 6 0 - 0 3 0 . 8 2 6 5 0 - 0 2 0 . 3 4 1 6 D - 0 1 0 . 7 4 1 0 D - 0 1 0 . 1 3 2 5 D 00 
W ( 5 , l ) 0 . 1 4 6 4 D - 0 1 - 0 . 2 3 6 6 D - 0 2 0 . 9 6 2 5 0 - 0 1 " 0 . 2 4 2 6 0 - 0 3 - 0 . 1 1 4 1 0 - 0 1 
Wt5 , .3 ) 0 . 1 7 5 9 0 - 0 3 Q . 1 7 7 5 D - 0 1 0 . 1 0 1 1 0 - 0 1 - 0 . 2 6 9 6 D - 0 2 0 . 9 7 8 7 D - 0 1 
W ( 5 , 5 ) ' - 0 . 1 9 3 9 0 - 0 3 0 . 2 6 5 0 D - 0 2 0 . 2 9 0 4 D - 0 2 0 . 2 2 8 5 D - 0 1 0 . 1 3 2 6 D - 0 1 
PSI ( 1 , 1 ) -0J !_241_8D-01 0 . 8 0 1 4 D - 0 3 0 . 1 5 3 9 D - 0 1 0 . 1 2 5 5 D - 0 4 - 0 . 1 4 6 8 0 - 0 2 
PS I 1 1,3 J - 0 . 1 7 9 3 D - O 2 - 0 . 2 1 7 0 O - O 1 0 . 1 5 4 9 D - 0 2 0 . 2 7 3 6 0 - 0 2 0 . 1 3 4 4 0 - 0 1 " 
PSI ( 1 , 5 ) - 0 * 7 4_40_D_- 03 - 0 . 3 0 1 8 D - 0 2 0 . 7_8 65 D-Q3 - 0 . 1 7 9 7 D - 0 1 0 . 1893D-0 2 _ 
P S I ( 3 , 1 ) " - 0 . 2 3 9 6 0 - 0 3 0 . 2 4 8 3 D - 0 3 - 0 . 3 7 5 1 D - 0 1 - 0 . 4 3 8 5 D - 0 3 0 . 3 7 2 0 D - 0 2 
PSI ( 3 , 3 ) 0 . 4 2 4 8 D - 0 4 - Q . 8 0 5 4 D - 0 3 - 0 . 4 1 8 3 0 - 0 2 0 . 4 0 6 2 D - 0 4 - 0 . 3 5 1 6 D - 0 1 
P S K 3 . 5 ) 0 . 8 4 4 7 D - 0 5 - 0 . 1 0 8 9 0 - 0 3 - 0 . 1 4 6 8 D - 0 2 - 0 . 1 4 7 3 D - 0 2 - 0 . 4 7 2 5 D - 0 2 
P SI (5 , 1) - 0 . 1 2 7 6 0 - 0 4 0 . 2 4 1 8 D - 0 4 - 0 . 9 6 9 0 D - 0 3 0 > 9 8 7 4 D - 0 6 0 . 1 1 7 9 0 - 0 3 
PSI ( 5 , 3 ) 0 . 3 0 1 2 0 - 0 5 - 0 . 1 5 7 4 D - 0 3 - 0 . 1 2 0 7 0 - 0 3 0 . 4 5 7 3 D - 0 4 - 0 . 1 1 6 6 D - 0 2 ~ 
PSI ( 5 , 5 ) - 0 . 4 9 5 9 0 - 0 5 - 0 . 1 8 2 2 0 - 0 4 - 0 . 5 0 3 6 D - Q 4 - Q . 3 3 8 6 0 - 0 3 - 0 . 1 4 5 & . D - 0 3 
T F l t i m -0~7T72"5TJ=0"1 0 . 6 8 7 0 0 - C 2 ^ 3 T l 2 " 7 T D " - 0 2 0T6053~D^02 ~0*5 2~2"2~D-^3 
PHI ( 1 , 3 ) - 0 . 1 8 2 6 D - 0 2 Q . 6 0 9 0 D - 0 3 - 0 . 1 9 5 6 0 - 0 3 0 . 1 0 1 5 0 - 0 2 0 . 5 2 5 7 0 - 0 4 
P H H r , 5 ) - 0 . 6 2 2 7 D - 0 3 "0 .3O46D-O3 - 0 . 6 4 1 6 0 - 0 4 0 . 2 0 4 6 0 - 0 3 0 . 2 4 3 0 D - 0 4 
P H I ( 3 , 1 ) - 0 . 1 7 5 2 0 - 0 2 0 . 9 6 8 6 0 - 0 3 - 0 . 4 5 2 6 D - 0 2 0 . 7 5 3 6 D - 0 3 0 . 3 0 1 4 0 - 0 2 
P H I ( 3 , 3 ) - 0 . 2 6 1 2 D - 0 3 0 . 8 5 4 1 0 - 0 4 - 0 . 6 8 4 4 D - 0 3 0 . 1 2 6 7 D - 0 3 0 . 2 3 2 7 D - 0 3 
P H I ( 3 , 5 J - 0 . 8 ^ 0 8 0 - 0 4 0 . 4 2 8 9 D - 0 4 - 0 . 2 3 1 4 D - 0 3 0 . 2 4 3 5 0 - 0 4 Q . 1 3 0 4 D - 0 3 
~ " P H I ( 5 , 1 ) - 0 . 8 6 3 5 0 - 0 3 0 . 4 6 1 2 D - 0 3 - 0 . 1 2 9 0 0 - 0 2 0 . 3 5 6 4 D - 0 3 0 . 7 8 6 4 0 - 0 3 
P H K 5 . 3 ) - 0 . 1 2 9 0 0 - 0 3 0 . 3 1 4 4 D - 0 4 - 0 . 1 9 6 2 0 - 0 3 0 * 6 1 9 2 0 - 0 4 0 . 4 7 8 4 0 - 0 4 
P H K 5 . 5 ) - 0 . 4 3 9 8 D - 0 4 0 . 1 9 4 5 D-04 ' - 0 . 661 I D - 04 0 . 9 8 4 2 0 - 0 5 0 . 3 2 6 7 0 - 0 4 
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FREQUENCY • 0 . 2 1 9 1 0 00 0 . 2 7 4 4 D 00 0 . 2 8 9 6 0 00 0 . 3 1 7 7 D CO 0 . 8 3 4 4 D 00 
GEN COORD MODE SHAPE MODE SHAPE MOPE SHAPE MODE SHAPE MODE SHAPE 
U l l , 1 ) - 0 . 5 6 4 9 D - 0 3 - 0 . 2 9 3 4 D - 0 2 - 0 . 5 1 0 7 0 - 0 5 - 0 . 1 3 3 2 D - O 3 - 0 . 2 4 9 6 0 00 
U ( l , 3 ) - 0 . 9 9 2 5 0 - 0 3 - 0 . 3 8 1 1 D - O 3 - 0 . 9 0 9 5 0 - 0 3 - 0 . 3 4 6 3 D - 0 3 0 . 1 3 1 0 D 00 
U(T75') " 0 . 1 2 6 0 0 - 0 2 - 0 . 1 7 1 6 D - 0 3 - 0 . 3 0 1 9 D - Q 3 0 . 2 6 9 3 0 - 0 3 0 . 5 6 9 1 0 - 0 1 
U < 3 , 1 ) 0 . 4 8 7 9 D - 0 3 - 0 . 1 3 5 4 D - 0 2 0 . 3 5 1 7 0 - 0 4 - 0 . 5 2 6 7 0 - 0 4 0 . 5 3 6 0 D - 0 2 
U t 5 . 
U(5, 
r l ) 
. 3 ) 
U ( 5 , 
VC1 
,5) 
, 1 ) 
U ( 3 , 3 ) 0 . 1 1 0 0 0 - 0 2 - 0 . 1 9 7 9 0 - 0 3 - 0 . 6 2 5 2 0 - 0 3 - 0 . 2 0 1 8 0 - 0 3 - 0 . 5 9 2 0 D - 0 2 
U 1 3 , 5 ) - 0 . 2 0 1 1 D - 0 2 - 0 . 1 0 7 I D - 0 3 - 0 . 2 1 7 8 D - 0 3 0 . 1 8 5 4 0 - 0 3 - 0 . 7 9 1 4 D - 0 4 
0 . 1 0 0 4 D - 0 4 0 . 2 7 7 5 D - 0 2 - 0 . 6 9 7 0 D - 0 6 0 . 1 3 1 2 0 - 0 3 0 . 9 7 8 7 D - 0 3 
0 . 1 4 4 1 0 - 0 4 0 . 4 5 1 8 0 - 0 3 0 . 1 1 2 9 D - 0 2 0 . 4 4 4 9 0 - 0 3 - 0 . 1 6 5 3 D - 0 2 
- 0 . 4 2 7 7 0 - 0 4 0 : 2 6 3 8 D - 0 3 0 . 4 7 3 2 D - 0 3 - 0 . 5 1 1 1 0 - 0 3 - 0 . 4 9 2 7 D - 0 3 
0 . 2 5 7 7 D - 0 3 0 . 7 8 9 4 D - Q 3 - 0 . 4 5 7 8 D - C 3 - 0 . 7 5 9 4 0 - 0 4 0 . 9 5 5 3 D 00 
V < 1 , 3 ) " " 0 . 5 8 8 5 D - 0 3 0 . 1 4 4 1 0 - 0 4 0 . 2 C 2 9 0 - 0 3 0 . 7 4 0 8 0 - 0 4 - 0 . 2 1 1 4 0 - 0 1 
V ( l , 5 ) - 0 . 1 0 2 7 0 - 0 2 0 . 1 2 4 8 0 - 0 4 0 . 2 0 5 4 D - 0 4 - 0 . 1 2 3 9 0 - Q 3 - 0 . 5 6 1 1 0 - 0 2 
V I 3 . 1 ) - 0 . 5 3 2 1 D - O 2 - 0 . 1 7 8 3 0 - 0 5 - 0 . 7 3 5 1 0 - 0 4 0 . 1 1 7 6 0 - 0 3 0 . 4 8 8 5 D - 0 1 
V t 3 » 3 ) - 0 . 5 6 8 6 0 - 0 2 - 0 . 3 2 0 0 0 - 0 4 - 0 . 4 3 9 4 D - 0 3 0_. 2 9 6 0 D - 0 3 0 . 1 9 6 4 0 - 0 1 
"VT3T5T 0". 1 1 9 4 0 - 0 1 0."8 2 7 0 0 - 0 5" - 0 . 2 0"94D-04 -0 . "8784D-6"3 0 . 5 2 6 9 D - 0 2 
V15 , 1 } - 0 . 6 4 9 0 0 - 0 3 0 . 3 5 1 Q D - 0 2 - Q . 2 4 2 5 0 - 0 2 ^0 . ^2212D-02 0 . 1 9 1 2 0 - 0 1 
V ( 5 » 3 ) ' - 0 . 6 0 9 0 0 - 0 3 0 . 5 7 2 4 0 - 0 3 0 . 7 4 3 1 0 - 0 2 - 0 . 3 1 8 7 D - 0 2 O . 9 3 1 8 D - 0 2 
V ( 5 , 5 ) 0 . 1 2 3 5 0 - 0 2 O i l l B 7 l D - Q 3 0 . 4 9 0 5 D - C 3 0 . 8 9 0 8 0 - 0 2 0 . 3 7 6 8 0 - 0 2 
W ( l , l ) 0 . 2 3 4 9 0 - 1 2 - 0 . 9 9 2 1 D - 0 2 0 . 1 8 2 5 0 - 0 2 0 . 5 2 7 2 0 - 0 3 - 0 . 1 8 9 0 0 - 0 1 
W l l , 3 ) 0 . 1 0 0 4 0 - 0 1 - 0 . 712_2J)- 0 3 - 0 . 1 18J0- 01 __0 . 19 9 7D- 02 0 . 1 6 9 6 D - 0 1 
W " ( l , 5 ) - 0 . 7 5 1 0 0 - 0 1 G . 1 6 4 Q D - 0 3 -0~. I 7 6 0 0 - 0 2 - 0 . 1 4 8 1 0 - 0 1 0* 13? ' tO-0*. 
W ( 3 , l ) - 0 . 2 0 0 9 0 - 0 1 - 0 * 9 6 4 3 D - 0 1 0 . 1 ? ^ " * n - Q l D.2 5 5 6 D - 0 2 - 0 . 3 09Q0-O2 
V H 3 , 3 ) - n . l l S S D 00 - n . l l C Q O - 0 1 - O . m T T - O l 0 . 1 4 4 9 0 - 0 1 0 . 8 5 8 4 0 - 0 3 
vill,-i) [ U.'ydl^D__iktl - U . 3 1 o J Q - 0 2 - O . J J 3 9 J - 0 1 - 0 . 1 0 4 2 D 00 0 . 9 0 4 8 0 - 0 3 
W(5TT1 - 0 . 2 7 4 9 1 1 - 0 ? I 0 . 9 M b 6 n CfO\ - Q . 1 2 1 4 D 00 - 0 . 2 3 1 9 0 - 0 1 - 0 . 2 0 5 6 0 - 0 2 
_W(5,3J - 0 . 1 4 1 7 0 - 0 1 0 . 1 1 7 2 D 00 |f1.9_77ftn HOI - 0 . 1 3 7 3 D 00 Q.671OQ-03 
W ( 5 , 5 ) 0 . 1 0 3 0 D ~ 0 0 0 . 3 9 7 2 D - 0 1 0 .1336D 00 I f l . 9 B 3 fl'i "gST 0^ .41570 -03 
P S U 1 , 1 ) - 0 . 1 6 3 9 D - Q 3 0 . 1 3 4 4 0 - 0 1 - Q . 1 4 5 4 D - 0 2 - 0 . 2 0 8 6 0 - 0 3 0 . 3 9 1 1 0 - 0 3 
P S [ ( l " , 3 i " " - 0 . 1480D-02* 0 . 1 5 9 8 D - 0 2 0 . 1 1 7 9 0 - 0 1 - 0 . 13 3 I D - 0 2 - 0 . 4 0 1 4 0 - 0 3 
PS1 t l , 5 ) 0 . 1 0 7 4 0 - 0 1 0 . 5 4 3 0 0 - 0 3 Q . 1 6 1 9 D - 0 2 0 . 9 5 6 3 0 - 0 2 - 0 . 2 4 9 2 0 - 0 3 
P S H 3 . 1 ) 0 . 4 5 7 4 0 - 0 3 0 . 1 3 2 5 0 - 0 1 - 0 . 1 5 5 7 D - 0 2 - 0 . 2 7 5 3 0 - 0 3 0 . 8 5 2 4 D - 0 4 
P S I ( 3 , 3) 0 . 4 4 2 6 D - 0 2 0 . 1 5 3 3 D - Q 2 0 . 1 2 2 2 0 - 0 1 - 0 . 1 4 9 8 D - 0 2 - 0 . 1 2 2 7 D - Q 4 
P S I 1 3 . 5 ) - 0 . 3 1 7 0 D - 0 1 0 . 4 8 5 4 D - 0 3 0 . 1 6 9 2 0 - 0 2 0 . 1 0 8 3 D - 0 1 - 0 . 1 7 5 0 D - 0 4 
P S I ( 5 , 1 ) 0 . 2 8 2 5 0 - 0 4 - 0 . 3 6 2 5 D - 0 1 0 . 4 2 7 1 D - 0 2 0 . 7 2 5 3 0 - 0 3 0 . 6 2 3 1 D - 0 4 
P S K 5 . 3 ) 0 . 2 0 9 3 D - 0 3 - 0 . 4 3 3 2 0 - 0 2 - 0 . 3 4 7 0 0 - 0 1 0 . 4 5 7 5 0 - 0 2 - 0 . 1 7 5 1 0 - 0 4 
P S I 1 5 . 5 I - 0 . 1 4 5 0 D - 0 2 - 0 . 1 4 d 5 D - 0 2 - 0 . 4 7 3 6 D - 0 2 - 0 . 3 2 7 1 D - 0 1 - 0 . 8 4 6 4 0 - 0 5 
PHI ( 1 , 1 ) 0 . 2 2 3 9 0 - 0 3 - 0 - . 8 5 6 4 D - 0 3 0 . 4 7 0 2 D - 0 3 0 . 2 9 2 3 0 - 0 3 0 . 2 C 0 8 0 - 0 2 
P H M 1 . 3 ) 0 , 3 5 8 0 0 - 0 4 - 0 . 129_6D-03 _ _0.469_00^04 0 . 4 8 1 4 0 - 0 4 0 . 2 9 1 9 D - 0 3 
P H I ( 1 ,51 " 0 . 9 3 6 7 0 - 0 5 - 0 . 4 3 9 3 0 - 0 4 0 . 2 1 4 7 D - 0 4 0 . 1 0 7 1 0 - 0 4 0 . 1 0 0 0 D - 0 3 
P H M 3 . 1 ) 0 . 2 7 8 7 0 - 0 2 - 0 . 1 1 3 2 D - 0 2 0 . 6 5 6 0 D - 0 3 0 . 4 3 5 1 0 - 0 3 0 . 1 9 2 8 D - 0 3 
PHI ( 3 , 3 ) 0 . 4 7 8 9 0 - 0 3 - 0 . 1 7 1 7 D - 0 3 0 . 5 5 4 8 0 - 0 4 0 . 7 3 4 6 0 - 0 4 0 . 2 8 0 1 0 - 0 4 
PHI ( 3 , 5 ) 0 . 8 2 0 3 0 - 0 4 - Q . 5 8 0 6 D - 0 4 0 . 2 8 8 5 0 - 0 4 0 . 1 4 1 2 D - 0 4 0 ^ 9 5 6 3 0 - 0 5 
PH[(5,L) 0 . 6 4 3 3 D - 0 3 - 0 . 8 6 9 2 D - 0 5 0 . 6 9 6 1 0 - 0 3 0 . 7 7 8 4 0 - 0 3 0 . 8 3 0 7 D - 0 4 
P H I ( 5 , 3 ) 0 . 1 1 3 4 0 - 0 3 - 0 . 1 3 2 8 D - 0 3 0 . 3 4 8 1 0 - 0 4 0 . 1 4 1 5 D - 0 3 0 . 1 1 8 3 0 - 0 4 
P H I I 5 . 5 ) 0 . 1 6 2 6 D - 0 4 - 0 . 4 4 7 4 D - 0 4 0 . 2 8 1 7 D - 0 4 0 . 1 5 7 2 0 - 0 4 0 . 4 0 6 7 D - 0 5 
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FREQUENCY = 0 . 1 1 2 0 D 01 0 . 1 187D 01 0 . 1 2 6 9 0 01 0 . 1 5 1 1 0 01 0 . 1 5 7 9 D 0 1 
GEN COORD MQDE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE 
U ( l , l l 0.81210 00 0.22920 00 -0.463OD 00 - 0 . 7 5 4 9 D - M 0.2529D-02 
U < 1 , 3 ) 0 . 1 3 6 6 D - 0 1 0 . 8 1 8 3 D 00 0 . 2 9 1 1 0 00 0 . 1 1 3 9 D 00 0 . 4 4 3 6 D - 0 1 
u n r , 5 T ""0". 7 T 2 6 D - 0 2 0 . 5 4 1 6 D - 0 1 - 0 . 1 2 7 8 0 0 0 " 0 . 9 0 6 0 0 00 - 0 . 8 C 0 3 D - 0 1 " 
U ( 3 ,- 1 ) -0. 6^8 OCH 0 1 _ 0 . J 2 9J3D- 01 - 0 . _U87 D 00 -_0 . 349 5_D_- 0 1 _ CU 4 5 45 D j ^ 1 
U ( 3 , 3 ) 0 . 3 9 3 8 D - 0 1 - 0 . 7 1 9 7 0 - 0 1 0 . 1 9 3 8 0 - 0 1 0 . 4 8 0 0 0 - 0 1 - 0 . 3 7 6 6 0 00 
U ( 3 , 5 ) 0 . 3 6 3 9 0 - 0 1 - 0 . 8 9 7 5 0 - 0 2 0 . 7 1 6 4 D - Q 1 0 . 1 7 3 1 0 - 0 1 0 . 8 3 9 7 0 - 0 1 
U { 5 , 11 - 0 . 4 1 2 8 0 - 0 2 0 . 2 1 2 L D - Q 2 0 . 5 C 5 7 > - 0 3 0 . 6 2 6 3 0 - 0 2 - 0 . 7 4 3 7 0 - 0 3 
U ! 5 , 3 ) 0 . 1 9 8 4 0 - 0 2 - 0 . 1 1 3 6 0 - 0 1 - 0 . 6 5 6 6 D - Q 2 0 . 2 4 0 0 0 - 0 2 0 . 1 1 8 2 D - 0 1 
~ U T 5 , 5 1 " ~ ~7>7"20WD~=7)2 0 . 2 7 76D-0~2 0 . 1770D-~0l" ~ - 0 . 2 1 2 5 D - 0 1 - 0 . 5 2 4 7 D - 0 T 
1 / (1 ,11 _0»18070 0 0 ^ 0 . 5 0 8 5 0 - 0 1 - 0 . 1 9 980 00 - 0 . 9 1 0 0 D - 0 1 - 0 . 3 4 0 1 D - 0 2 
V (1 , 3 1 ~~ _ " 0 . ' T 7 r 2 ' D - C l ~ 0 . 3 5 7 " 2 D 00 ^ 0 . 2 2 2 5 0 0~0 0 . 2 2 3 5 D 00 — 0 / 5 4 4 7 D fjfj 
V t l , 5 ) 0 . 4 1 4 3 D - 0 2 0 . 3 8 5 Q D - 0 2 0 . 2 8 3 8 D - 0 1 - 0 . 2 2 5 9 D 00 0 . 3 0 2 7 D - 0 1 
\ M 3 , 1 ) ~ 0 . 5 3 4 8 D 00 - 0 . 3 2 3 9 D 00 0 . 7 3 1 2 0 00 0 . 1 2 5 O 0 oO - 0 . 4 4 5 5 0 - 0 1 
V ( 3 , 3 ) 0 . 3 0 S 1 D - 0 1 0 . 1 5 8 7 0 0 0 0 . 1 8 3 7 0 00 - 0 . 2 1 9 3 0 - 0 1 0 . 7 3 2 2 D 00 
V(3 ,~5 l " - 0 . 3 8 0 4 D - 0 2 - 0 . 4 6 ~ 1 5 D - 0 2 - 0 . 2 7 4 7 0 - 0 1 0 . 1377D 00 - 0 . 5 9 5 7 ' D - O l 
Vj_5 ,JM _ Q. 1101D 00 - 0 . 4 0 5 5 0 ^ 0 1__ CK_56830^01 - 0 ^ 5 5 J 0 0 - 0 1 - 0 . 7 0 8 O D - O 2 
V T 5 , 3 ) " 0 . 1 0 8 4 0 - 0 1 0 . 6 8 6 6 0 - 0 1 0 . 4 6 2 9 D - 0 1 ~ - 0 . 1 1 6 9 0 - 0 1 0 . 2 9 2 1 D - 0 1 
V ( 5 , 5 ) 0 . 3 8 6 4 D - 0 2 - 0 . 1 2 9 1 Q - Q 2 - 0 . 4 7 6 3 0 - 0 2 0 . 9 2 8 0 0 - 0 1 0 . 2 3 0 4 D - Q 2 
" w T T T n - 0 . 6 6 6 9 D - C 2 - 0 . 1 5 7 9 0 - 0 2 0 . 3 1 8 6 0 - 0 2 0 . 1 0 2 5 0 - 0 2 0 . 9 9 2 7 * 0 - 0 3 
W I 1 . 3 ) 0 . 8 2 2 3 0 - 0 3 0 . 6 6 5 6 D - 0 2 0 . 3 4 5 8 D - 0 2 - 0 . 5 7 5 4 D - 0 2 - 0 . 9 9 4 9 0 - 0 2 
W l l , 5 ) 0 . 1 4 1 2 D - 0 2 - 0 . 3 6 2 6 D - 0 2 - 0 . 3 3 7 0 0 - 0 2 0 . 5 1 0 9 D - 0 2 0 . 1 8 0 0 0 - 0 2 
_ _WA2 ' lJ _ " ° * _ 1 9_6_9D-02_ 0^4 2 j J9D^02_- 0_. 6 7 5 5 D - 0 2 - 0 . 6 4 2 6 0 - 0 3 _ 0 . U46_D-0_2 
W I 3 . 3 J 0 . 3 6 4 2 D - 0 2 - 0 . 3 7 2 6 0 - 0 2 0 . 1 1 8 6 0 - 0 2 C . 1 3 7 1 D - 0 2 - 0 . 1 0 3 1 0 - 0 1 
H ( 3 , 5 ) 0 . 4 1 7 4 0 - 0 2 - 0 . 4 1 5 2 D - 0 3 0 . 5 6 5 9 0 - 0 2 - 0 . 1 9 5 9 D - Q 2 0 . 3 9 6 0 D - 0 2 
W ( 5 , l ) ~ 0 . 1375C-02 0 . 1 5 3 7 0 - 0 2 - 0 . 2 0 8 0 0 - 0 2 0 . 1 3 9 6 0 - 0 3 0 . 1 9 4 4 D - 0 3 
W ( 5 , 3 ) _ _ 0 . 9 0 0 0 0 - 0 3 - Q . 6 9 2 1 D - 0 5 Q . 1 0 6 6 D - 0 3 0._49_17D^03_-0_. 1 3 ^ 5 J > 0 ^ 
W ( 5 , 5 ) 0 . B 6 9 2 D - 0 3 0 .4~1980 -03 — 0 . 7 2 7 2 0 - 0 3 - 0 . 1 2 2 9 D - 0 2 0 . 1 2 4 9 0 - 0 3 
P S I I l . D 0 . 2 2 5 4 0 - 0 3 0 . 1 4 2 6 0 - 0 3 - 0 . 2 2 9 2 D - 0 3 0 . 2 4 0 4 0 - 0 5 0 . 1 4 9 9 0 - 0 3 
P S I ( 1 , 3 > 0 . 4 6 8 6 0 - 0 4 - 0 . 2 5 1 4 D - 0 3 - 0 . 1 1 8 1 D - 0 3 0 . 2 4 8 3 0 - 0 3 0 . 2 0 8 3 0 - 0 3 
PSI (1 ,5 ) 0 . 2 4 4 7 0 - 0 4 0 . 9 1 4 9 0 - 0 4 0 . 1 2 7 9 D - 0 3 - 0 . 2 1 1 6 0 - 0 3 - 0 . 6 1 7 1 0 - 0 4 
P S K 3 , 1) 0 . 4 8 0 7 0 - 0 4 - 0 . 1 3 9 9 0 - 0 3 0 . 2 0 8 7 0 - 0 3 Oi 1 8 6 4 0 - 0 4 0 . 6 7 6 8 0 - 0 5 
PSJ_(3 j3 ) - O . J 2 6 ^ D ^ 3 _ 0 ^ 1 4 5 _ 9 D - 0 3 ^ 0 ^ 2 J _ l O j - _ 0 4 _ - 0 ^ 4 3 J , 3 D 2 q 4 _ 0 . 4 9 9 4 D - 0 3 
P S M 3 . 5 ) - 0 . 1 2 8 4 0 - 0 3 0 . 5 4 5 7 D - 0 5 - 0 . 17830-"0 3 0 . 7 1 8 0 D - 0 4 - 0 . I 9 1 9 0 - 0 3 
PSI ( 5 . 1) - 0 . 6 6 4 3 0 - 0 4 - 0 . 4 7 4 5 0 - 0 4 Q . 6 2 8 7 D - 0 4 - 0 . 1 9 2 9 0 - 0 5 0 . 3 6 4 1 D - Q 5 
P S K 5 . 3 ) - 0 . 2 3 2 8 0 - 0 4 - 0 . 1 0 3 0 D - 0 4 - 0 . 1 7 2 7 0 - 0 6 - 0 . 1 5 9 8 0 - 0 4 0 . 3 5 3 1 D - 0 4 
P S I ( 5 , 5 ) - 0 . 1 9 6 5 0 - 0 4 - Q . 1 7 6 5 D - 0 4 - 0 . 1 3 1 4 0 - 0 4 0 . 3 8 3 6 D - 0 4 - 0 . 2 2 8 6 D - 0 5 
PHI (T7T1 0T6085D-C3 - 0 . U 3 7 D - 0 4 - 0 . 4 1 8 6 D - 0 3 - 0 . 6 9 9 0 D - 0 3 - 0 . 2 1 4 2 0 - 0 2 
PHI ( l f 3 ) 0 . 9 1 0 4 D - 0 4 -0 .9064D_-q5_ -0^ .67 3 3 0 - 0 4 - 0 . 1005D-03 - 0 . 3 1 4 1 0 - 0 3 
P H I l l , 5 T 0 . 3 0 8 1 0 - 0 4 - 0 . 6 8 7 3 0 - 0 6 - 0 . 2 1 3 0 D - 0 4 - 0 . 3 6 4 1 0 - 0 4 - 0 . 1 0 9 3 0 - 0 3 
_PH MJ3 ,1± _ 0 . 7 9 8 6 D - 0 3 _ - 0 ._5299_D-0_3 _ 0^_11660-02 0 . 1 9 7 2 D - 0 3 - 0 * 6 5 5 3 0 - 0 3 
PHI ( 3 , 3 ) " " 0 . 1 1 7 4 0 - 0 3 " - 0 " . 76 8 I D - 0 4 0 . 1 7 6 6 D - 0 3 0 . 2 9 3 7 0 - 0 4 - 0 . 8 7 7 0 0 - 0 4 
P H H 3 ,5 ) 0 . 3 9 8 0 0 - 0 4 - Q . 2 6 7 6 D - 0 4 0 . 5 9 2 8 0 - 0 4 0 . 9 9 8 9 D - 0 5 - 0 . 3 3 1 4 0 - 0 4 
"P lTTTBTn 0 . 1 5 5 9 0 - 0 3 - 0 . 7 9 6 8 0 - 0 4 0 . 1 2 4 8 D - 0 3 - 0 . 6 8 2 0 0 - 0 4 - 0 . 1 3 6 4 0 - 0 3 
P H I j J t 3 j 0 . 2 j i l K ) - 0 4 - Q . 1 1 0 5 0 - 0 4 0 . 1 9 1 1 D - 0 4 - 0 . 1 0 4 9 D - Q 4 - 0 . 1 8 9 8 0 - 0 4 
P H I ( 5 , 5 ) " 0 . 7 8 3 3 0 - 0 5 - 0 . 4 0 1 5 D - 0 5 0 . 6 5 1 8 0 - 0 5 " - 0 / 3 5 8 4 0 - 0 5 - 0 . 6 9 5 3 D - 0 5 " 
Figure 11-2. Continued 
71 
FRECUENCV = 0 . 1 6 4 2 D 0 1 0 . 1 6 7 6 D 01 0 . 1 7 3 2 0 01 O . 1 8 7 5 D 01 0 . I 9 5 3 D 0 1 
GEN CCQRD MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE 
U ( l , 1) 0 . 2 0 2 3 0 - 0 4 - 0 . ^ 2 6 5 0 - 0 1 - 0 . 4 0 5 8 D - 0 1 0 . 8 6 6 9 0 - 0 4 - 0 - 3 7 3 4 0 - 0 2 
U l l . 3 ) - 0 . 1 9 4 4 D - 0 2 0 . 4 1 8 2 D 00 - 0 . 1 0 1 3 0 00 - 0 . 3 3 7 8 0 - 0 4 0 . 9 9 3 7 0 - 0 2 
U ( l , 5 ) 0 . 1 3 5 8 D - 0 2 - 0 . 2 2 0 5 0 00 0 . 9 8 4 6 D - 0 1 0 . 2 8 0 0 0 - 0 4 0 * 7 8 2 7 0 - 0 1 
U J ^ I J ^ t l 5 ^ ! ? " " ^ 3 - - 0 - * . ? - 8 ? 4 ^ " ^ 1 ^ ^ ' ? ^ 6 - 6 ^ - ^ 1 0 . 6 0 7 2 D - 0 3 .O^J^OZD^Ol 
U ( 3 , 3 ) " - 0 . 2 4 1 7 D - 0 2 0 . 3 3 1 0 0 00* - 0 . 6 5 1 2 D - 0 1 " - 0 . 5 4 7 7 D - 03 0 . 5 9 8 4 0 - 0 1 
U ( 3 , 5 ) Q . 5 5 2 9 D - 0 3 - Q . 7 5 9 9 D - 0 1 - 0 . 4 5 5 3 D - 0 1 0 . 2 2 6 2 D - 0 3 0 . 7 2 6 4 0 00 
"U~( 5 , 1 ) 0 . 3 6 7 7 D - 0 4 - 0 . 1 0 4 9 0 - 0 1 - 0 . 8 8 3 1 0 - 0 1 - 0 . 5 9 1 9 D - 0 5 - 0 . & 6 7 2 D - 0 2 
_u(_5 , j ) °_?_2A>JrDr_03_ ~J? 'A2iab^r^^H'A7^^~°J- ^P__* i_°1^4r^ _ °_rL13_22r°J_ 
U J 5 . 5 ) " - 0 . 1 3 9 1 0 - 0 3 0 . 2 7 9 9 0 - 0 1 0 . 5 1 9 5 0 - 0 1 - 0 . 3 3 4 1 D - 0 4 - 0 * 6 8 2 6 0 - 0 1 
V ( 1 , 1 ) - 0 . 1 5 7 8 D - 0 2 - 0 . 3 8 1 4 D - 0 1 - 0 . 2 4 7 1 0 - 0 1 0 . 1 3 8 2 0 - 0 3 0 . 8 4 4 2 0 - 0 3 
V ( l , 3 ) - 0 . 2 0 1 8 D - 0 2 Q .6694D 00 - 0 . 1 2 5 7 0 00 0 . 1 2 6 0 0 - 0 4 0 . 9 6 7 3 0 - 0 2 
V ( l , 5 ) - 0 . 7 1 4 2 D - 0 3 0 . 7 6 7 1 D - 0 1 - 0 . 4 0 6 6 0 - 0 1 0 . 1 3 5 8 0 - 0 4 0 . 2 5 4 3 D - 0 1 
v n . l l - 0 .34810 -03 0 .16070-01 - 0 . 9 7 1 6 0 - 0 1 -0 .13900-02 - 6 . 6 1 ? 5 0 - 0 1 
V ( 3 ,J )_ 0 . 3 4 g g D - 0 e ^ O j ^ J 7 4 ID_00_ 0 . 7 0 9 9 0 - 0 1 _0-J. 039D_-_03_-j0.JLl_03CI_00_ 
T T 3 . 5 ) " - 0 . 1 1 1 4 0 - 0 3 0 . 3 5 7 0 0 - 0 2 0 . 4 6 7 9 0 - 0 1 - 0 . 4 2 1 0 D - 0 3 - 0 . 6 4 5 9 0 00 
V ( 5 , 1 J - 0 , 5 4 9 7 - 0 - 0 3 0 . 1 4 3 6 0 00 0 . 8 8 9 5 0 00 - 0 . 1 1 5 7 D - 0 3 0 . 6 6 9 0 0 - 0 1 
V t 5 , 3 ) - Q . 7 6 0 2 D - 0 3 0 . 1 9 3 3 0 00 0 . 3 4 9 7 0 00 - 0 . 3 4 8 4 0 - 0 3 - 0 . 2 6 1 0 D - 0 2 
V ( 5 , 5 ) 0 . 2 0 2 5 D - 0 3 - 0 . 3 2 3 9 0 - 0 1 0 . 5 7 8 3 0 - 0 1 - 0 . 6 3 1 6 0 - 0 5 0 . 1 3 7 8 D 00 
W t 1 , 1 ) 0 . 1 0 4 6 D - 0 1 0 * 1 4 5 1 0 - 0 2 0 . 4 1 7 7 0 - 0 4 0 . 2 7 7 2 0 - 0 2 0 . 3 0 6 8 0 - 0 4 
W( 1 , 3 ) ^ 9 _ ^ A l _ 3 l P l P 2 _ ^ 0 . - ± 1 3 p ^ r 0 _ l 0 . 1 8 3 2 0 - 0 2 - 0 * 5 4 3 4 0 - 0 3 - 0 . 4 8 3 0 D - 0 4 
W ( l , 5 ) - 0 . 6 3 2 2 0 - 0 2 0 . 9 7 2 & 0 - 0 3 0 . 2 0 2 6 0 - 0 3 - 0 . 2 7 7 6 0 - 0 3 - 0 . 2 4 3 3 0 - 0 3 
W ( 3 , l ) 0 . 2 9 8 2 0 - 0 2 - 0 . 5 6 5 3 0 - 0 3 - 0 . 1 3 8 9 D - 0 3 0 . 9 7 5 1 0 - 0 4 - 0 . 2 9 8 0 0 - 0 3 
W ( 3 , 3 ) - 0 . 1 0 7 0 0 - 0 2 0 . 4 4 2 6 0 - 0 2 - 0 . 1 1 2 6 0 - 0 2 - 0 . 5 7 6 0 D - 0 3 - 0 . 3 4 0 0 D - 0 3 
W ( 3 , 5 ) - 0 . 1 1 1 8 0 - 0 2 - Q . 1 3 7 9 D - Q 2 - 0 . 6 6 0 5 0 - 0 3 - 0 . 1 5 7 8 0 - 0 2 0 . 8 1 0 5 3 - 0 2 
W(5 ,T1 O . 2 8 8 3 D - 0 2 - 0 . 5 2 3 9 - 0 - 0 3 - 0 . 3 0 8 5 0 - 0 2 0 . 1 0 8 0 0 - 0 2 - 0 . 1 3 5 4 0 - 0 3 
W J 5 J 3 J ^ P J L 9 2 2 4 - 0 ! 0 - ! - 0 - 8 3 O 8 D - 0 3 - 0 . 1 3 4 5 0 - 0 2 - Q . 6 6 3 3 D - 0 3 _ 0 ^ 8 5 4 0 - 0 3 ^ 
W ( 5 , 5 > - 0 . 9 0 6 6 0 - 0 3 0 . 1 3 2 2 D - 0 2 0 . 2 3 0 9 0 - 0 2 - 0 . 9 1 8 1 D - 0 3 - 0 . 8 9 0 O D - 0 3 
P S I ( l . l ) - 0 . 9 7 1 1 0 - 0 1 - 0 . 5 7 5 9 0 - 0 3 - 0 . 4 1 8 0 0 - 0 4 0 . 9 3 2 2 D - 0 1 - 0 , 6 4 3 2 0 - 0 4 
P S I ( 1 , 3 ) 0 . 3 0 1 4 0 - 0 1 0 - 8 0 3 7 D - 0 3 - 0 . 2 1 1 3 0 - 0 3 - 0 . 2 0 3 6 0 - 0 1 0 . 4 4 1 5 D - 0 4 
P S I t l . 5 1 0 . 2 7 8 4 D - 0 1 0 . 1 3 3 7 0 - 0 3 - Q . 7 0 5 2 0 - 0 5 - 0 . 1 4 9 7 D - 0 1 0 . 7 6 2 4 0 - 0 4 
P S I ( 3 , 1 ) - 0 . 1 6 4 1 D - 0 1 - 0 . 9 8 2 6 D - 0 4 0 . 6 5 7 4 D - 0 6 - 0 . 8 9 9 4 0 - 0 1 0 . 5 8 8 7 0 - 0 4 
J>SJ 0 , 3 ) _^_5_4540^02 Jl0_. 16_05p-C)3_ Jj*_1_2JU0^ 04 _ 0 . 3_489DZ01. _0-_4j)80D-J>5 
P S K 3 . 5 ) 0 .~5465D-02 0 . i l 4 5 D - 0 3 0 . 4 0 8 4 D - 0 4 0 * 3 9 3 6 0 - 0 1 - 0 . 4 7 2 3 0 - 0 3 
PS-II 5_,JJ _ r 0 J . 3 9 9 3 0 - 0 2 - Q * 1 1 1 9 0 - 0 4 0 . 5 7 5 7 D - 0 4 _ - 0 . 3 8 5 8 D - 0 2 ^ ^ . 0 ^ 9 2 9 0 ^ 0 5 _ 
P S l < 5 , 3 ) ~ ~ 0 . 1 3 8 2 0 - 0 2 0 . 6 7 7 3 D - 0 4 0 . 8 1 2 2 0 - 0 4 0 . 2 1 2 8 0 - 0 2 - 0 . 1 8 3 6 0 - 0 4 
P S M 5 . 5 ) 0 . 1 4 9 2 D - 0 2 - 0 . 4 0 9 6 D - 0 4 - 0 . 5 6 5 5 0 - 0 4 0 . 3 0 5 1 D - 0 2 0 . 5 2 2 8 0 - 0 4 
T H K I . L ) 0 . 9 7 5 1 0 00 0 . 4 5 8 7 0 - 0 2 - 0 . 3 2 2 1 0 - 0 3 - 0 . 1 0 2 1 D 00 0 . 1 9 5 3 D - 0 4 
PH I ( 1 , 3 ) _ ^ 1 4 _ 8 7 p _ 0 0 _ _0._7129p-C_3__-0_. 5 1 2 1 D - 0 4 - 0 . 1 5 6 L ^ - 0 1 0 . 27890HD5_ 
P H I I 1 . 5 ) " 0 . 5 0 1 1 0 - 0 1 0 . 2 3 7 4 0 - 0 3 - 0 . 1 6 9 2 0 - 0 4 - 0 7 3 2 4 8 0 - 0 2 0 . 1 2 3 4 0 - 0 5 
PHI ( 3 , 1 ) 0 . 1 0 6 9 0 00 0 . 8 8 9 6 0 - 0 3 - 0 . 1 5 6 2 0 - 0 3 0 . 9 6 3 0 0 00 - 0 . 4 4 9 9 D - 0 3 
P H I I 3 . 3 ) 
P H K 3 . 5 ) 
0 . 1 6 3 3 D - 0 1 
0 . 5 5 0 3 0 - 0 2 
0 . 1 3 1 3 0 - 0 3 
0 . 4 5 4 8 0 - 0 4 
- 0 . 2 2 6 9 0 - 0 4 
- 0 . 7 5 3 8 D - 0 5 
0 *1477D 
0 . 4 9 6 1 0 -
00 
-01 
- 0 . 6 9 7 8 D - 0 4 
- 0 . 2 4 1 9 0 - 0 4 
PHU5.1 ) 
P H I ( 5 , 3 ) 
0 . 3 4 6 4 0 - 0 1 
0 . 5 3 2 3 D - 0 2 
0 . 3 4 8 1 0 - 0 3 
0 . 5 5 9 9 0 - 0 4 
0 . 1 1 0 6 0 - 0 2 
0 . 1 7 1 6 0 - 0 3 
0 . 1 3 0 3 D 
0 . 2 0 0 2 0 -
CO 
•01 
0 . 5 5 4 O D - 0 4 
0 - 8 7 4 8 0 - 0 5 
P H K 5 ,5 ) 0 . 1 7 9 2 0 - 0 2 0 . 1 8 3 3 0 - 0 4 0 . 5 7 0 2 0 - 0 4 0 . 672 50 -•01 0 . 3 0 1 2 0 - 3 5 
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FREQUENCY = 0 . 2 0 7 1 D 0 1 0 . 2 1 0 0 0 0 1 0 . 2 1 6 6 0 0 1 0 . 2 1 6 9 0 0 1 0 . 2 2 9 1 D 01 
GEN CC0R0 MGDE_SHAPE 
- 0 . 1 0 6 3 0 - 0 3 
0 . 6 7 7 7 0 - 0 4 
- 0 . 19TOD^O"4~ 
- 0 . 2 2 4 7 0 - 0 3 
-0". 36 4 8 D - 0 4 ' 
- 0 . 4 6 9 7 D - 0 5 
MODE SHAPE 
0 . 2 3 5 9 0 - 0 1 
- 0 . 1 4 6 4 0 00 
0 , 2 3 9 2 0 - 0 1 
- 0 . 1 3 5 5 0 0 0 
MODE SHAPE 
- 0 . 5 6 4 9 0 - 0 2 
MODE SHAPE 
0 . 4 4 6 5 0 - 0 4 
MODE SHAPE 
0 . 6 9 0 9 0 - 0 4 U ( l , 1 ) 
U11 , 3 ) 
UTT,57 
U±3 t i l 
UT57TT 
U ( 3 , 5 ) 
- 0 . 1 5 3 6 0 - 0 1 - 0 . 3 0 8 8 0 - 0 3 - 0 . 1 9 9 9 D - Q 3 
0 . 9 5 5 3 D - 0 3 0 . 6 1 9 2 D - 0 4 - 0 . 5 5 2 6 0 - 0 4 
0 . 9 6 1 8 0 00 0 . 4 9 3 8 0 - 0 3 0 . 1705D-03 
U J 5 . 1 J 
U ( 5 , 3 ) 
U ( 5 , 5 ) 
V ( l , 1 ) 
1/TT73T 
V ( l , 5 ) 
\M3 .1 ) 
V ( 3 , 3 ) 
VI3*5 1 
V ( 5 , l ) 
V ( 5 , 3 ) 
V ( 5 , 5 ) 
"wTTTTT 
_w_( 1 , 3 ) 
W f 1 , 5 ) 
W I 3 t H 
WJ 3 , 3 ) 
W ( 3 , 5 ) 
w ( 5 , n 
W ( 5 , 3 ) 
0 . 1 3 0 6 0 0 0 
0 . 3 8 1 I D - 0 1 
0.7573 0-01 
0 . 1 8 4 4 D 0 0 
0 . 3 2 1 3 0 - 0 1 
0 . 1 5 2 3 0 - 0 3 
0 . 5 3 3 9 0 - 0 4 
0 . 9 5 3 5 0 - 0 4 0.20180-01 
- 0 . 3 2 9 6 D 00 - 0 . 3 3 9 2 D - 0 1 - 0 . 4 9 6 8 D - 0 3 
0 . 6 2 5 5 D - 0 3 
0 . 9 Q 8 9 D - 0 4 
0 . 2 6 7 9 0 - 0 3 
- 0 . 5 6 9 0 D - Q 3 
0 . 3 4 1 8D-03" 
0 . 7 6 4 6 0 - 0 4 
- 0 . 1 5 1 6 D - 0 3 
- 0 . 6 6 4 5 D - 0 3 
0 . 1 0 4 4 0 - 0 3 
• 0 . 1 0 2 3 0 - 0 3 
0 . 1 2 2 0 0 - 0 3 
^ r3T3D^0~4~ 
• 0 . 1 9 1 4 0 - 0 3 
0 7 5 8 5 9 0 - 0 4 
• 0 . 3 0 7 1 D - 0 4 
0 . 6 5 7 6 D - 0 4 
0.36220-01 
0.22990-01 
- 0 . 8 3 0 8 0 - 0 1 " 
- 0 . 2 5 0 1 D - 0 1 
- 0 . 2 3 8 6 0 - 0 1 
0 . 3 1 9 3 D - 0 2 
• 0 . L 0 7 1 D - 0 1 
- 0 . 1 0 9 6 D - 0 1 
- 0 . 5 6 2 9 0 - 0 2 
0.13770 00 
0 , 4 6 0 8 0 - 0 4 
0* 1427D-03 
• 0 . 5 3 1 6 D - 0 3 
0 . 4 1 0 7 0 - 0 4 
0 . 2 8 3 3 0 - 0 4 
• 0 . 4 0 8 6 0 - 0 4 
• 0 . 3 9 6 5 D - 0 5 - 0 . 1 5 8 6 D - 0 1 
0 . 9 6 7 3 D - 0 4 - 0 . 3 4 4 8 D 00 
078"27 2D 0 0 
0 . 1 1 4 8 0 - 0 2 
0.2435D-03 
0 . 1 1 2 1 D 00 0 . 4 9 1 2 D - 0 1 0 . 1 4 9 1 D - 0 3 0 . 3 6 9 7 0 - 0 3 
• 0 . 3 4 6 9 0 - 0 3 
- 0 . 1 8 1 4 D - 0 4 
0.2469D-01 
Q.2S99D-Q2 
0 . 7 0 2 3 D - 0 3 
• 0 . 3 3 6 3 0 - 0 2 
0.3425D-01 
-0.105 9D 00 
0 . 6 1 7 1 0 - 0 1 
- 0 . 1 1 5 7 D - 0 1 
0 . 4 3 3 3 0 - 0 3 
0 . 8 8 5 5 0 - 0 3 
- 0 . 6 9 8 8 0 - 0 3 
-0 .2315D-02 
0 . 1 0 4 0 D - 0 2 0 . 1 4 3 2 D - 0 3 0 . 2 1 4 5 0 - 0 1 0 . 2 1 9 2 0 - 0 2 
0 . 2 3 2 5 D - 0 4 
• 0 . 3 1 1 2 0 - 0 3 
0 . 1 0 4 6 0 - 0 2 
0 . 8 5 7 8 0 - 0 5 
0.2988D-62 
- 0 . 1 1 7 1 0 - 0 3 
- 0 . 1 5 9 6 0 - 0 2 
• 0 . 6 2 2 9 0 - 0 3 
• 0 . 2 4 3 3 0 - 0 3 
0 . 2 3 8 3 D - 0 3 
_ 0 . 8 6 3 4 D - 0 3 
- 0 . 2 1 7 9 0 - 0 2 
0 . 3 6 9 9 D - 0 3 
0 . 4 9 9 9 D - 0 4 
0 . 4 3 B O D - 0 2 
• 0 . 8 5 5 3 0 - 0 3 
• 0 . 2 5 9 1 D - 0 3 
0 . 3 1 8 1 D - 0 2 
• 0 » 2 1 4 9 D - 0 3 
- 0 . 1 2 0 3 0 - 0 2 
- 0 . 8 2 9 2 0 - 0 4 
- 0 . 2 3 8 4 D - 0 2 
0 . 2 8 5 8 0 - 0 2 
- 0 . 8 2 8 2 D - O 3 " 
- 0 . 1 0 3 2 0 - 0 2 
- 0 . 1 2 3 1 D - 0 2 
- 0 . 4 4 8 0 0 - 0 3 
0 . 1 8 5 9 D - 0 2 
- 0 . 1 0 1 7 0 0 0 
0 . 1 0 4 8 D 00 
- 0 . 1 2 4 1 D 00 
0 . 1 7 2 1 0 - 0 1 
0 . 1 65 9 0 - 0 ^ 
- 0 . 5 3 9 4 0 - 0 1 
- 0 . 9 3 2 6 0 - 0 1 
0 . 3 9 8 8 0 - 0 1 
0 . 2 9 1 0 0 - 0 1 
- 0 . 3 0 2 5 D - 0 1 
- 0 . 4 9 7 8 0 - 0 2 
- 0 . 1" 52 7 0 - 0 2 
- 0 i l l 9 7 D 0 0 
- 0 . 1 4 50*0-01 
- 0 . 1 8 1 1 0 - 0 2 
0 . 1 3 6 7 D - 0 2 
- 0 . 6 9 0 1 0 - 0 2 
0 . 1 2 5 6 D - 0 2 
• 0 . 4 6 4 2 0 - 0 3 
0 . 1 7 7 7 0 - 0 2 
0 . 1 2 4 0 D - 0 1 
W ( 5 , 5 ) 
P S I ( 1 , 1 ) 
PS 1 ( 1 , 3 ) 
P S I ( 1 , 5 ) 
- 0 . 5 9 6 1 D - 0 3 
0 . 9 4 9 2 D 00 
0 . 1 2 840 0 0 
0 . 4 5 0 8 D - 0 1 
0 . 1 1 2 5 0 - 0 2 
0 . 7 4 7 4 D - 0 3 
0 . 1 4 1 9 0 - 0 2 





0 . 5 2 ? 6 D - 0 3 
- 0 . 1 0 6 2 D - 0 3 
0 . 5 8 5 1 0 - 0 5 " 
- 0 . 1 0 1 8 0 - 0 4 
- 0 . 3 3 3 9 0 - 0 4 
0 . 2 9 3 2 D - 0 4 
• 0 . 1 7 7 1 0 - 0 2 
- 0 . 1 1 6 2 0 00 
0 * 9 4 07D 00 










0 . v3 I C D - 0 1 
0 . 9 3 8 3 0 - 0 2 
0 . 5 5 0 5 D - 0 2 
P H I ( 1 , 1 ) 
P H I ( 1 , 3 ) 
0 . 2 4 8 1 D - 0 4 
0 . 2 2 9 9 0 - 0 3 
0 . 1 6 8 5 0 - 0 4 
0 . 9 2 2 7 0 - 0 4 
0 . 2 1 4 1 0 - 0 3 
0 . 1 0 1 8 0 - 0 3 
0 . 9 2 3 3 D - 0 4 
0 . 1 5 8 5 0 - 0 4 
• 0 . 3 8 4 8 0 - 0 1 
0 . 2 5 4 8 0 0 0 
0 . 3 7 8 9 D - 0 1 
0 . 1 1 4 2 0 - 0 2 
0 . 5 5 0 4 0 - 0 1 
0 . 4 4 4 9 0 - 0 2 
0 . 8 5 0 7 0 - 0 4 
0 . 1 4 5 0 0 - 0 4 
0 . 9 5 0 3 0 - 0 1 
0 . 1 4 5 5 D - 0 1 
• 0 . 4 4 6 0 0 - 0 1 
• 0 . 8 8 7 7 0 - 0 2 
P H I ( 1 , 5 ) 
PHC I 3 i l l 
PHI ( 3 , 3 ) 
P H I ( 3 , 5 ) 
0 . 4 8 9 2 0 - 0 2 
-0_. 6 72_00_-0_l 
- 0 . 1 0 3 4 0 - 0 1 
- 0 . 3 4 6 5 D - 0 2 
0 . 5 25 8b^0"5~ 
0 . 4 7 9 3 D - 0 3 
0 . 7 5 9 8 0 - 0 4 
0 . 2 4 8 1 0 - 0 4 
- 0 . 1 4 2 0 0 - 0 2 
0 . 5 0 4 0 0 - 0 5 
0 . 1 8 8 6 D - 0 3 
- 0 . 2 5 2 1 D - 0 2 
0 , 2 6 7 0 0 - 0 1 
• 0 . 2 9 3 0 0 - 0 4 
- 0 . 9 4 4 9 D - 0 5 
• 0 . 51230-03 
0 . 4 2 4 7 D - 0 2 
0 . 1 3 9 2 0 - 0 2 
0 . 9 8 2 6 0 - 0 1 
- 0 . 1 8 5 5 0 - 0 1 
- 0 . 6 1 7 8 D - 0 2 
0.95310 00 PHI ( 5 , 1 ) 
_P_HJ 15 ,_3_) 
P H K 5 . 5 ) 
0 . 8 4 5 6 D - 0 1 
0 . 1 3 1 3 D - 0 1 - 0 . 2 0 9 5 0 - 0 3 - 0 . 7 9 0 7 D - 0 4 - 0 . 1 4 1 2 0 - 0 1 0 . 1 4 8 4 D 0 0 
0 . 4 3 8 4 D - 0 2 - 0 . 7 2 7 0 D - 0 4 - 0 . 2 6 2 0 D - 0 4 - 0 . 4 9 6 8 D - 0 2 0 . 4 9 4 2 0 - 0 1 
Figure 11-2. Continued 
FREQUENCY = 0 . 2 3 5 4 0 01 0 . 2 3 6 2 D 01 0 . 2 4 1 2 0 01 0 . 2 4 6 0 D 01 0 . 2 8 9 1 0 01 
GEN CCORD MODE SHAPE MODE SHAPE MODE SHAPE MOOE SHAPE MODE SHAPE 
U( l ,1) 
U ( l , 3 ) 
- 0 . 8 2 1 0 D - O 4 
- 0 . 5 4 3 9 0 - 0 3 
- 0 . 2 4 1 8 0 - 0 2 
- 0 . 1 8 8 6 0 - 0 1 
0 . 7 8 9 5 0 - 0 2 
0 . 1 6 0 8 D - 0 1 
0 , 1 0 8 9 0 - 0 1 
- 0 . 7 1 3 6 D - 0 1 
0 . 3 9 3 4 D - 0 4 
0 . 2 2 0 4 0 - 0 5 
11(1 ,5 } 
U ( 3 , l ) 
0 . 3 8 7 0 C - 0 2 
- 0 . 6 8 6 1 D - 0 4 
0 , 1 2 1 3 0 CO 
- 0 . 3 4 8 9 0 - 0 2 
- 0 . 2 2 1 6 D 00 
- 0 . 6 8 9 6 0 - 0 2 
0 . 3 7 2 O D - 0 2 
- 0 . 1 4 5 2 D 00 
0 . 1 1 5 7 D - 0 4 
- 0 . 2 3 3 5 D - 0 3 
U 1 3 . 3 ) 
U ( 3 , 5 ) 
0 . 40 6 2 0 - 0 3 
0 . 7 7 4 7 D 03 
0 . 2 0 8 8 D - 0 1 
0 . 1 6 3 5 D - 0 1 
0 . 6 9 4 7 0 - 0 1 
- 0 . 8 4 6 9 0 - 0 1 
0 . 8 1 4 4 D 00 
0 . 8 3 0 5 D - 0 1 
- 0 . 1 6 1 7 D - 0 4 
- 0 . 5 7 9 5 D - 0 4 
U ( 5 , l ) 0 * 2 3 0 6 0 - 0 3 0 . 1 0 8 1 0 - 0 1 0 . 1 6 4 0 0 - 0 1 - 0 . 2 8 9 3 0 - 0 1 - 0 . 1 1 5 3 D - 0 3 
U 1 5 . 3 ) 0 . 1 0 7 6 0 - 0 3 Q . 1 0 4 0 D - 0 1 0 . 3 4 6 7 0 - 0 1 0 . 1 1 7 5 0 00 - 0 » 7 8 1 9 Q - Q 5 
11(5,5) - 0 . 4 7 1 6 0 - 0 2 - 0 . 2 6 1 8 D 0 0 - 0 . 4 5 1 0 D 00 0 . 4 3 5 3 0 - 0 1 - 0 . 1 1 0 5 D - 0 4 
V l l . l ) - 0 . 6 1 9 3 0 - 0 4 - 0 . 3 5 8 3 D - 0 2 0 . 7 5 3 2 D - 0 2 0 . 1 4 7 4 0 - 0 1 0 . 2 2 0 9 D - 0 4 
V ( l , 3 ) - 0 . 3 0 4 9 0 - 0 3 - 0 . 1 3 7 6 D - 0 1 0 . 8 0 3 6 0 - 0 2 - 0 . 5 5 0 9 0 - 0 1 0 . 1 4 2 4 0 - 0 6 
V (1 t 51 0 . 2 1 6 4 0 - 0 1 0 . S 0 7 3 D 00 - 0 . 5 2 2 6 D 00 0 . 5 8 7 8 0 - 0 2 0 . 9 5 7 0 D - 0 5 
V ( 3 , l ) - 0 . 6 9 6 4 D - 0 4 - 0 . 4 3 2 4 D - 0 2 - 0 . 9 7 1 4 0 - 0 2 - 0 . 1 3 9 5 D 00 - 0 . 1 3 5 9 0 - 0 3 
0 . 2 4 7 3 D ^ 0 3 0 . 1 U 6 D - 0 1 0 . 3 3 3 2 0 - 0 1 0 . 4 6 8 3 D 00 0 . 2 4 3 4 D - 0 5 
0 . 4 4 7 7 D - 0 2 0 . 1 9 2 2 D 00 0 . 4 9 4 9 0 - 0 1 0 . 8 9 1 3 0 - 0 l" - 0 - 5 8 4 2 0 - 0 4 
- 0 . 4 2 6 4 0 - 0 3 - 0 . 1 3 0 0 0 - 0 1 - 0 . 1 8 3 1 D - 0 1 0 * 7 3 8 0 0 - 0 1 0 . 1 4 2 8 D - 0 4 
V ( 5 , 3 ) 0 . 5 6 2 8 0 - 0 3 0 . 2 3 6 7 D - 0 1 0 . 7 1 2 4 0 - 0 2 - 0 . 1 6 2 6 D 00 - 0 . 3 3 4 5 0 - 0 5 
V 1 5 , 5 ) 0 . 8 9 0 4 0 - 0 2 0 . 4 7 4 3 0 00 0 . 6 7 5 4 0 00 - 0 . 7 1 1 9 D - Q 1 Q . 2 1 7 5 D - 0 5 
W( 1 , 1) - 0 . 9 2 4 0 0 - 0 3 0 . 3 2 5 6 0 - 0 3 - 0 . 2 1 3 6 D - 0 3 - 0 . 1 3 6 1 0 - 0 3 - 0 . 7 0 1 5 D - 0 2 
W ( l f 3 ) - 0 . 2 1 7 5 D - 0 2 0 . 1 1 4 B D - 0 2 - 0 . 6 3 9 5 0 - 0 3 0 . 7 8 9 0 D - 0 3 - 0 . 1 2 7 6 D - 0 2 
W ( l , 5 ) 0 . 1 7 3 2 0 - 0 1 - 0 . 1 1 0 6 0 - 0 1 0 . 6 7 1 5 D - 0 2 - 0 . 1 1 9 1 D - 0 3 - 0 . 4 4 9 0 D - 0 3 
W ( 3 , l ) 0 . 3 2 6 9 D - 0 3 0 . 1 0 2 5 0 - 0 3 0 . 1 0 8 1 0 - 0 3 0 . 1 1 8 0 0 - 0 2 0 . 4 C 0 5 D - 0 1 
W ( 3 , 3 ) - 0 . 4 2 1 4 D - 0 3 0 . 5 5 7 7 0 - 0 4 - 0 . 4 1 7 1 0 - 0 3 - 0 . 6 2 0 3 0 - 0 2 0 . 7 1 9 5 0 - 0 2 
W ( 3 , 5 j 0 . 2 0 5 8 0 - 0 2 - 0 . 2 5 9 6 D - O 2 - 0 . 7 0 4 2 0 - 0 3 - 0 . 6 8 2 2 D - 0 3 0 . 2 4 4 9 D - 0 2 
W ( 5 . 1 ) 0 . 1 5 7 5 D - 0 4 0 . 1 6 4 1 0 - 0 3 0 . 2 0 6 8 D - 0 3 - 0 . 2 8 5 8 0 - 0 3 - 0 . 3 4 3 1 0 - 0 2 
W ( 5 t 3 ) 0 . 1 3 4 8 0 - 0 2 0 . 2 6 5 0 0 - 0 3 0 . 5 6 8 4 0 - 0 3 0 . 1 2 4 1 0 - 0 2 - 0 . 7 0 3 1 0 - 0 3 
W ( 5 , 5 ) - 0 . 9 3 5 7 D - 0 2 - 0 . 4 3 1 2 0 - 0 2 - 0 . 6 2 2 6 D - 0 2 O . 5 1 6 5 D - 0 3 - 0 . 2 8 0 4 D - O 3 
P S l t U l J - 0 . 3 / 5 3 0 - 0 1 0 . 8 5 3 7 0 - 0 3 - 0 . 1 5 2 6 D - 0 3 0 . 6 4 7 2 0 - 0 4 - 0 . 2 2 5 7 D 00 
P S I I 1 . 3 ) - 0 . 1 2 1 8 0 00 0 . 2 9 7 7 0 - 0 2 - O . 3 9 5 7 D - 0 3 - 0 . 1 6 9 4 0 - 0 3 - 0 . 4 3 4 0 0 - 0 1 
P S I ( 11 b ) 0 . 9 2 7 4 D 00 - 0 . 2 2 5 6 0 - 0 1 0 . 3 2 9 5 D - 0 2 - 0 . 1 2 0 8 D - 0 3 - 0 . 1 6 9 4 0 - Q l 
P S I ( 3 , L ) - 0 . 5 2 4 3 D - 0 2 0 . 1 4 3 0 0 - 0 3 - 0 . 3 6 7 6 D - 0 4 - 0 . 2 1 8 2 D - 0 3 0 . 9 4 6 4 0 00 
Z I I ( 3_, 3 ) - 0 . 4 2 6 7 0 - 0 1 0 . 1 0 5 3 D - 0 2 - 0 . 9 7 9 6 0 - 0 4 _0 . 7 8 1 4 0 - 0 3 0^17 5 90__00_ 
P S . U 3 f 5 ) 0 . 3 0 5 1 D 00 - 0 . 7 4 3 1 D - 0 2 0 . 1 2 1 4 0 - 0 2 0 . 7 5 5 3 0 - 0 4 0 . 6 3 5 7 D - 0 1 
P S K 5 . 1 ) - 0 . 1 5 8 6 0 - 0 1 0 . 2 9 H D - 0 3 - 0 . 9 3 8 4 0 - 0 4 0 . 5 4 1 2 0 - 0 4 0 . 6 1 8 3 D - 0 1 
P S I I 5 . 3 ) - 0 . 5 1 4 6 D - 0 2 0 . 1 4 7 6 0 - 0 3 - 0 . 3 6 3 2 D - 0 4 - 0 . 8 4 0 6 D - 0 4 0 . 9 4 4 1 0 - 0 2 
P S I ( 5 , 5 ) 3 . 8 1 6 7 0 - 0 1 - 0 . 1 7 4 9 D - 0 2 0 . 6 4 9 8 0 - 0 3 - 0 . 5 3 3 4 0 - 0 4 0 . 2 2 9 8 0 - 0 2 
P H I { 1 , 1 ) - 0 . 3 0 3 0 0 - 0 1 0 . 8 7 1 9 0 - 0 3 - 0 . 2 0 8 1 0 - 0 3 - 0 . 4 4 4 8 0 - 0 5 - 0 . 1 5 8 5 D - O 1 
P H I ( 1 , 3 ) - 0 . 4 P 6 3 D - 0 2 0 . 1 2 2 7 D - 0 3 - 0 . 2 9 7 2 0 - 0 4 - 0 . 2 6 3 7 D - 0 6 - 0 . 2 3 9 4 D - 0 2 
P H I l l t - 5 ) - 0 . 202 7 0 - 0 2 0T5 9T7~D^04" - 0 . 1422"D-04 - 0 . 3 3 9 6 0 - 0 6 - 0 . 8 0 9 2 0 - 0 3 
PHI ( 3 , 1 ) - O i 1 8 1 . 5 0 - 0 1 0 . 3 9 9 2 0 - 0 3 - 0 . 5 4 1 2 D - 0 4 0 . 2 3 3 4 D - 0 3 0 . 9 8 8 0 D - 0 1 
P H K 3 . 3 ) - 0 . 2 7 5 8 D - 0 2 0 . 6 0 5 5 0 - 0 4 - 0 . 8 3 5 4 0 - 0 5 0 . 4 0 7 1 D - 0 4 0 . 1 5 0 1 0 - 0 1 
PHI 1 3 , 5 ) - 0 . 9 9 5 8 D - 0 3 0 . 2 2 8 2 0 - 0 4 - 0 . 2 5 5 6 0 - 0 5 0 . 1 2 5 6 D - 0 4 0 . 5 0 6 2 0 - 0 2 
P H I ( 5 , 1 ) 0 . 1 3 7 5 0 00 - 0 . 2 4 4 7 D - O 2 0 . 7 1 5 7 D - 0 3 - 0 . 3 6 6 0 0 - 0 3 - 0 . 1 9 8 6 0 - 0 1 
P H I ( 5 , 3 ) 0 . 2 1 2 O D - 0 1 - 0 . 3 7 5 9 D - 0 3 0 . 1 1 0 6 D - 0 3 - 0 . 5 8 3 7 D - 0 4 - 0 . 3 0 9 7 D - 0 2 
P H H 5 . 5 ) 0 . 7 3 7 6 D - 0 2 - 0 . 1 3 1 8 D - 0 3 0 . 3 8 9 5 D - 0 4 - 0 . 1 9 7 9 D - 0 4 - 0 . 1 0 3 0 D - 0 2 
Figure 11-2. Contfnued 
FREtHTrMCY = n , ? o ^ p 01 0 . ? 9 7 " P C\ f . 3 1 6 5 0 01 0 . 3 2 4 6 0 01 0 . 3 4 4 5 D 01 
CL El CC'f'KL HODL St'APE f f lDE S l u K F 1-iUf E SHAPE MODE SHAPE MODE SHAPE 
U l l . l ) 0 . i 9 b 5 L - C 2 -0 . i i ?7* *D-C i * . - G . b l 7 9 D - o 5 - O . 1 6 6 O D - 0 2 0 .3C06D-02" 
U ( l , 3 ) 0 . 2 1 8 4 O Q 1 Q . 7 8 8 4 0 - 0 4 - 0 . 3 9 1 8 D - 0 4 - Q . 3 8 5 4 D - 0 3 - 0 . 1 5 4 5 Q - Q 1 
~ t i n . , 5 T ^ 0 . 1425D 00 - 0 . 3 4 7 6 [ R ) 4 0 . 2 5 6 7 D - 0 3 - 0 . 2 0 9 9 0 - 0 3 - 0 . 2 8 2 4 D - 0 2 
Ul 3 . 1 ) - Q . 1 8 7 B D - 0 1 0 . 6 7 1 5 D - 0 4 0 . 3 3 6 2 D - 0 4 - 0 . 3 8 2 8 0 - 0 2 0.7JJ33_D-02 
~~UT3,3) -UTTOIOD 00 -0.3935D-03 0.1572D-03 -0*3545D-03 -0 .37310-01 
U ( 3 , 5 ) 0 . 6 5 3 9 D 00 0 . 1 5 1 9 D - 0 3 - 0 . 1 0 2 1 D - 0 2 0 . 2 2 9 4 D - 0 3 - 0 . 6 2 4 7 D - 0 2 
U ( 5 , 1) - 0 . 4 5 6 6 0 - 0 2 0 . 3 0 0 0 0 - 0 4 0 . 1 1 0 4 0 - 0 4 0 . 9 7 5 8 0 00 - 0 . 1 7 8 7 0 00 
U 1 5 , 3 ) - 0 . 1 9 8 9 D - 0 1 - Q . 1 5 1 4 D - 0 3 0 . 3 9 8 2 D - 0 4 0 . 1 8 7 7 D 00 0 . 9 0 2 1 D 00 
U(5,5~5 0 .12361) 0~o 0~.T59~6D-04 - 0 . 2 6 4 8 D - 0 3 0 . 6 2 9 " 3 D - 0 l 0 . 1 5 8 4 0 00 
V( 1 , 1 ) 0 . 5 5 6 9 0 - 0 2 - Q . 2 4 5 5 D - 0 4 - 0 . 1 7 9 9 D - 0 4 - 0 . 2 5 2 8 D - 0 2 0 . 3 6 6 1 D - 0 2 
V( 1 ,3T 0 . 1 4 4 5 0 - 0 1 0 . 7 3 1 9 0 - 0 4 - 0 . 3 5 4 3 D - 0 4 - 0 . 5 8 4 5 D - 0 3 - 0 . 9 1 82D-"02 
V(l ,5) - 0 . U 2 1 D 00 -0.2388D-04 0.2509D-03 -0.3619D-03 -0.1785D-02 
V ( 3 , 1 ) - 0 * 3 6 1 4 0 - 0 1 0 . 1 4 6 1 D - 0 3 0 . 1 0 0 9 0 - 0 3 - 0 . 9 3 2 9 D - 0 2 0 . 1 6 1 6 0 - 0 1 
V ( 3 , 3 ) - 0 . 9 2 0 5 D - 0 1 - 0 . 4 2 3 3 D - 0 3 0 . 1 9 7 8 0 - 0 3 - 0 . 1 6 7 7 0 - 0 2 - 0 . 3 8 9 5 0 - 0 1 
V ( 3 , 5 ) 0 . 7 0 9 0 D 00 0 * 1 5 3 7 0 - 0 3 - O . 1 3 8 3 D - 0 2 - 0 . 6 3 3 3 D - 0 3 - 0 . 7 0 0 7 D - 0 2 
V ( 5 , l ) 0 . 1 3 7 0 * 0 - 0 2 - 0 . 7 7 5 4 D - O 5 0 . 8 2 2 0 0 - 0 6 O * 8 9 8 9 D - 0 1 - 0 . 1 3 1 4 0 00 
V ( 5 , 3 ) 0 . 1 1 7 7 D - 0 2 - 0 . 1 6 0 7 0 - 0 5 0 . 1 0 4 2 0 - 0 4 0 . 1 9 5 6 D - 0 1 0 . 3 2 3 4 0 00 
V ( 5 , 5 ) - 0 . 6 4 1 2 0 - 0 2 - 0 . 2 2 0 8 D - 0 5 - 0 . 7 4 4 0 D - 0 4 0 . 1 0 6 7 D - 0 1 0 . 6 0 7 1 D - 0 1 
W ( l t l ) - 0 . 3 7 4 0 D - 0 4 0 . 1 3 2 3 0 - 0 2 0 . 2 8 8 7 0 - 0 3 0 . 8 8 5 1 0 - 0 4 - 0 . 2 2 6 5 D - 0 4 
W ( l , 3 ) - 0 . 1 8 8 1 0 - 0 3 - 0 . 6 9 0 2 D - 0 2 0 . 8 8 1 4 D - 0 3 0 , 1 5 7 5 0 - 0 4 0 . 1 0 9 0 D - Q 3 
H ( U 5 ) 0 . 1 2 0 4 0 - 0 2 - 0 . B 4 8 2 D - 0 3 - 0 . 6 8 3 9 D - 0 2 0 . 5 2 0 4 D - 0 5 0 . 1 8 2 0 D - 0 4 
W ( 3 , l ) 0 . 2 3 2 2 D - 0 3 - 0 . 7 2 1 1 0 - 0 2 - 0 . 1 4 4 7 D - 0 2 0 . 2 9 3 9 0 - 0 3 - 0 . 9 1 9 9 0 - 0 4 
W ( 3 , 3 ) 0 . 1 1 6 7 D - 0 2 0 . 3 7 2 4 0 - 0 1 - 0 . 4 2 9 5 D - 0 2 0 . 4 9 0 8 D - 0 4 0 . 4 3 6 0 0 - 0 3 
H ( 3 , 5 ) - 0 . 7 4 5 1 0 - 0 2 0 . 4 6 3 2 D - 0 2 0 . 3 3 4 9 0 - 0 1 0 * 1 1 3 2 0 - 0 4 0 . 6 8 3 7 D - 0 4 
W15 ,1 ) 0 . 4 7 0 2 0 - 0 5 0 . 4 2 2 5 0 - 0 3 - 0 . 5 7 5 1 0 - 0 5 - 0 . 3 0 7 2 D - 0 2 0 . 7 8 1 3 0 - 0 3 
W ( 5 , 3 ) 0 . 1 9 7 6 0 - 0 4 - 0 . 2 6 5 5 D - 0 2 O .1BO7D-03 - 0 . 5 3 8 0 0 - 0 3 - 0 . 3 7 3 5 D - 0 2 
W ( 5 , 5 ) - 0 . 1 0 6 4 0 - 0 3 - 0 . 2 9 4 7 0 - 0 3 - 0 . 1 2 0 4 D - 0 2 - 0 . 1 6 1 0 0 - 0 3 - 0 . 6 0 6 4 . D - 0 3 
P S H 1 . I J - 0 . 6 3 75D-05 0 . 4 6 4 9 0 - 0 1 0 . 1 1 4 0 0 - 0 1 - 0 . 4 5 8 0 D - 0 5 0 . 3 6 2 6 0 - 0 5 
P S I ( 1 , 3 ) 0 . 1 5 5 3 D - 0 3 - 0 . 2 5 5 7 D 00 0 . 4 1 7 1 D - 0 1 - O . 1 2 8 8 D - 0 5 - 0 . 1 5 6 2 0 - 0 4 
PSI ( 1 , 5 ) - 0 . 6 2 7 2 0 - 0 3 - 0 . 2 9 9 2 D - 0 1 - 0 . 3 1 5 4 0 00 - 0 . 8 8 1 5 0 - 0 6 - 0 . 2 6 5 1 D - 0 5 
PSI ( 3 , 1 ) 0 . 3 9 1 4 0 - 0 4 - 0 . 1 7 5 3 D 0 0 - 0 . 3 6 2 8 0 - 0 1 0 . 6 0 6 4 D - 0 4 - 0 . 7 3 6 2 0 - 0 5 
P S H 3 . 3 ) - 0 . 5 2 1 7 D - 0 3 0 . 9 3 6 8 D 00 - 0 . 1 2 2 1 0 00 0 . 1 2 1 7 D - 0 4 0 . 3 1 8 4 0 - 0 4 
P S M 3 . 5 ) 0 . 1 9 0 1 D - 0 2 0 . 1 1 3 2 0 00 0 . 9 3 4 5 D OC 0 . 4 9 7 9 D - 0 5 0 . 5 0 7 1 D - 0 5 
P S I ( 5 , 1 ) 0 . 5 1 4 7 0 - 0 5 - Q . 1 4 1 4 D - 0 1 - 0 . 4 3 4 9 D - 0 2 0 . 4 2 8 5 D - 0 3 - 0 . 1 5 8 7 D - 0 3 
P S M 5 . 3 ) - 0 . 2 7 7 7 D - 0 4 Q . 6 4 4 2 D - 0 1 - 0 . 9 4 5 0 0 - 0 2 0 . 7 1 6 4 0 - 0 4 0 . 6 5 2 3 0 - 0 3 
P S K 5 . 5 ) 0 . 8 9 3 2 D - Q 4 Q . 8 7 0 6 0 - 0 2 0 . 7 7 1 4 D - 0 1 0 . 2 0 9 1 D - 0 4 0 . 1 0 7 3 D - 0 3 
PHI ( 1 , 1 ) 0 . 2 0 7 7 0 - 0 5 0 . 1 0 7 7 0 - 0 1 0 . 7 8 6 0 D - 0 2 - 0 . 2 8 0 4 0 - 0 6 - 0 . 6 9 6 5 D - 0 6 
PHI ( 1 , 3 ) 0 . 1 6 1 8 D - 0 6 _ 0 . 2 9 4 8 D - 0 2 0 . 9 3 6 5 D - Q 3 - 0 . 6 4 7 2 0 - 0 7 0 . 2 8 4 6 0 - 0 7 
PHI ( 1 , 5 ) - 0 . 4 7 9 5 D - 0 6 0 .6930D~-^3 0 .7 3 2 5 0 - 0 3 0 . 1 0 2 4 0 - 0 7 - 0 . 3 1 9 1 D - 0 7 
PHI ( 3 , 1 ) 0 . 6 9 0 9 0 - 0 5 - 0 . 6 2 9 6 0 - 0 1 - 0 . 4 1 1 8 0 - 0 1 0 . 5 3 9 3 D - 0 5 - 0 . 7 9 3 8 D - 0 5 
P H I ( 3 , 3 ) 0 . 3 3 8 1 0 - 0 5 - 0 . 1 6 6 6 D - 0 1 - 0 . 5 0 4 1 D - 0 2 0 . 8 1 3 2 D - 0 6 - 0 . 1 6 7 9 D - 0 5 
PHI (3 , 5 ) - 0 . 4 6 0 9 D - 0 6 - 0 . 3 9 9 3 D - 0 2 - 0 . 3 7 3 6 D - 0 2 0 . 3 7 7 7 D - 0 6 - 0 . 5 8 6 1 D - 0 6 
P H I ( 5 , 1 ) 0 . 7 4 9 1 0 - 0 5 0 . 9 9 4 8 0 - 0 2 0 . 3 7 3 8 0 - 0 2 - 0 . 8 8 7 6 D - 0 5 0 . 3 9 9 5 0 - 0 4 
P H I ( 5 , 3 ) 0 . 8 6 5 8 0 - 0 6 0 . 2 0 4 3 D - C 2 0 . 5 4 5 2 0 - 0 3 - Q . 2 1 4 3 D - 0 5 0 . 6 1 1 3 0 - 0 5 
P H M 5 . 5 ) ' 0 . 3 8 3 5 0 - 0 6 Q . 5 6 9 2 D - 0 3 0 . 2 514D- 03 - 0 . 2 1 4 9 0 - 0 5 0 . 2 0 3 3 D - 0 5 
Figure 11-2. Continued 
FREQUENCY = 0 . 3 8 0 9 D 01 0 . 3 8 2 6 D 01 0 . 3 6 8 5 0 01 0 . 4 0 1 7 0 01 0 . 1 5 6 2 D 02 
GEN COORD MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE 
U l l . l J 0 . 8 9 0 4 D - 0 3 0 . 1 0 9 3 0 - 0 4 - 0 . 3 6 2 8 D - 0 5 - 0 . 1 8 3 9 0 - 0 5 - 0 . 6 6 5 7 0 - 0 8 
U ( 1 , 3 ) 0 . 5 7 1 2 D - 0 2 0 . 1 7 5 0 0 - 0 5 0 . 1 9 1 7 0 - 0 4 - 0 . 8 5 4 8 D - 0 5 0 . 1 4 2 1 0 - 0 7 
" D T I , 57 - 0 . 3 1 5 0 D - 0 1 0~. 3 194 0 - 0 5 - 0 . 6 0 2 4 0 - 0 5 0 . 5 1 3 9 D - 0 4 0 . 5 6 2 8 D - 0 7 
U ( 3 , l ) 0 . 2 2 4 9 D - C 2 _ 0 . 2_8 0_10-04 - 0 . 9 2 1 3 0 - 0 5 - 0 . 3 3 5 7 Q - Q 5 0 . 2 5 6 6 0 - 0 7 
Ul 3 , 3 J 0". 1 4 3 8 0 - 0 1 " 0 . 4 1 3 2 0 - 0 5 0 . 4 9 1 3 D - 0 4 - 0 . 2 1 3 1 0 - 0 4 - 0 . 5 6 3 0 D - 0 6 
U 1 3 . 5 ) - Q . 7 8 2 4 D - 0 1 0 . 5 1 1 6 D - 0 5 - 0 . 1 5 0 2 D - 0 4 0 . 1 2 9 5 D - Q 3 - 0 . 9 1 3 5 D - 0 7 
U( 5 , 1 ) - 0 . 2 3 5 6 0 - 0 1 - 0 . 2 9 4 8 D - 0 3 0 . 9 0 4 7 0 - 0 4 0 . 4 0 0 6 0 - 0 4 0 . 9 0 2 8 D - 0 7 
U ( 5 , 3 ) - 0 . 1 5 0 5 D 00 - Q . 4 2 3 1 D - Q 4 - 0 . 4 7 4 4 0 - 0 3 0 . 1 8 1 3 D - 0 3 - 0 . 1 1 1 3 0 - 0 6 
U ( 5 , 5 ) 0 . 8 1 9 7 D 00 - 0 . 7 5 4 1 D - 0 4 0 .143T .D -G3 - 0 . 1 1 0 0 0 - 0 2 - 0 . 1 6 5 3 0 - 0 6 
V ( l , l ) 0 . 1 1 8 2 D - 0 2 0 . 2 2 4 3 0 - 0 5 - 0 . 3 1 7 6 D - 0 5 - 0 . 2 6 7 1 0 - 0 5 0 . 5 9 6 7 D - 0 5 
V ( l , 3 ) 0 . 3 1 4 1 D - 0 2 0 . 1 9 7 3 0 - 0 6 0 . 8 6 7 3 0 - 0 5 - 0 . 5 1 3 0 0 - 0 5 - 0 . 1 3 6 5 D - 0 4 
V ( l , 5 ) - 0 . 1 5 1 9 D - 0 1 0 . 1 6 0 7 D - 0 5 - 0 . 2 9 8 1 D - 0 5 0 . 2 5 9 6 D - 0 4 0 . 2 9 4 5 0 - 0 6 
VJ3.1J 0.5902D-02 0 .10220-04 - 0 . 1 4 9 5 0 - 0 4 -0 .12720 -04 0.75240-06 
V ( 3 , 3 ) 0 . 1 5 6 3 D - 0 1 0 . 3 1 2 8 D - O 6 0 . 4 0 6 0 0 - 0 4 - 0 . 2 5 2 6 0 - 0 4 - 0 . 1 8 7 2 0 - 0 5 
V(3,~5) - 0 . 7 4 6 2 D - 0 1 0 . 3 8 2 4 0 - 0 5 " - 0 . 1 5 1 9 0 - 0 4 0.12"9"3D-03 - 0 . 3 806D-06 
V ( 5 , l ) - 0 . 4 1 6 6 D - 0 1 - 0 . 7 5 7 4 D - 0 4 0 . 1 0 8 4 D - 0 3 0 . 8 8 2 6 D - 0 4 0 . 2 3 1 4 D - 0 6 
V I 5 , 3 ) - 0 . 1 1 0 3 0 00 - 0 . 3 5 4 2 D - 0 5 - 0 . 2 9 2 3 D - 0 3 0 . 1 7 2 4 D - 0 3 - 0 . 4 6 2 8 0 - 0 6 
V ( 5 , 5 ) 0 . 5 2 6 8 D 00 - Q . 4 1 6 1 0 - 0 4 0 . 1 0 4 9 D - Q 3 - 0 . 8 7 5 1 0 - 0 3 0 . 7 9 6 5 0 - 0 7 
W ( l , 1 ) - 0 . 4 1 5 2 0 - 0 5 - 0 . 1 1 6 6 0 - 0 2 0 . 2 4 9 6 0 - 0 3 O i . 5 6 2 1 0 - 0 4 - 0 . 7 5 7 0 0 - 0 4 
W ( l , 3 ) - 0 . 2 5 3 4 D - 0 4 - 0 . 2 4 6 8 D - 0 3 - 0 . 1 1 3 5 0 - 0 2 0 . 1 3 2 3 D - 0 3 0 . 4 8 8 8 D - 0 3 
WC1.5) 0 . 1 3 3 3 0 - 0 3 - 0 . 8 9 0 2 0 - 0 4 - 0 . 1 2 3 8 D - 0 3 - 0 . 1 1 0 6 D - 0 2 - 0 . 1 7 5 1 D - 0 4 
W ( 3 , l ) - 0 . 2 0 1 7 D - 0 4 - 0 . 4 6 5 5 0 - 0 2 0 . 1 0 2 8 0 - 0 2 0 . 2 4 7 7 0 - 0 3 - 0 . 8 3 4 0 0 - 0 5 
W ( 3 , 3 ) - 0 . 1 2 2 6 D - 0 3 - 0 . 9 7 4 0 0 - 0 3 - 0 . 4 6 2 9 0 - 0 2 0 . 5 6 7 1 D - 0 3 0 . 5 3 8 6 0 - 0 4 
W(3 ,5 ) Q . 6 4 0 8 D - 0 3 - Q . 3 4 2 2 D - C 3 - 0 . 5 1 2 3 D - 0 3 - 0 . 4 7 6 7 D - 0 2 - 0 . 1 8 6 7 0 - 0 5 
W ( 5 , 1 ) 0 . 1 4 1 9 D - 0 3 0 . 3 6 5 8 0 - 0 1 - 0 . 7 7 9 6 0 - 0 2 - 0 . 1 7 4 8 D - 0 2 - 0 . 3 0 1 0 0 - 0 5 
H ( 5 f 3 J _ 9 *
8 ^ l ^ P - 0 3 0 . 7 6 8 9 0 - 0 2 0 . 3 5 2 3 D - 0 1 -Q .4024 .D-Q2 0 . 1 9 4 8 0 - 0 4 
W ( 5 , 5 ) - 0 . 4 5 1 8 D - 0 2 0 . 2 7 3 2 D - 0 2 6 . 3 8 7 8 D - 0 2 0 . 3 3 7 8 D - 0 1 - 0 . 6 9 5 6 D - 0 6 
P S I l l . l ) . - 0 . 6 4 5 1 D - 0 6 - 0 . 3 5 0 3 D - 0 1 0 . 8 3 4 3 0 - 0 2 0 . 2 2 3 6 0 - 0 2 - 0 . 3 2 0 8 D - 0 3 
P S I 1 1 . 3 ) 0 . 1 7 5 6 D - 0 4 - 0 . 7 6 4 3 D - 0 2 - 0 . 3 9 1 2 D - 0 1 0 . 5 8 8 9 D - 0 2 0 . 2 0 7 1 D - 0 2 
PSI ( 1 , 5 ) - 0 . 6 7 4 8 D - 0 4 ~ 0 . 2 9 Q 7 D - 0 2 - 0 . 4 0 9 8 D - 0 2 - 0 . 4 8 1 6 0 - 0 1 - 0 . 7 6 1 7 D - 0 4 
P S I ( 3 , 1 ) - 0 . 5 8 5 4 D - 0 5 - 0 . 6 8 1 7 0 - 0 1 0 . 1 6 6 7 D - 0 1 0 . 4 7 4 8 0 - 0 2 - 0 . 2 4 2 8 D - 0 5 
P S I ( 3 , 3 ) , 0 . 3 0 1 2 C - 0 4 - 0 . 1 4 4 3 0 - 0 1 - 0 . 7 6 2 1 0 - 0 1 0 . 1 1 6 9 0 - 0 1 0 , 1 4 1 7 0 - 0 4 
P S I ( 3 , 5 ) - 0 . 8 8 1 6 D - 0 4 - 0 . 5 1 4 4 D - 0 2 - O . 8 3 O 2 D - 0 2 - 0 . 9 6 8 7 0 - 0 1 0 . 1 4 5 6 0 - 0 5 
P S I ( 5 , 1 ) 0 . 4 6 2 3 D - 0 4 0 . 9 6 8 2 D 00 - 0 . 2 0 9 9 0 00 - 0 . 4 8 0 5 0 - 0 1 - 0 . 2 7 7 7 0 - 0 5 
P S I ( 5 , 3 ) - 0 . 4 5 2 0 D - 0 3 0 . 2 0 7 0 D 00 0 . 9 6 5 7 0 00 - 0 . U 8 9 D 00 0 . 1 7 4 3 D - 0 4 
PSI ( 5 , 5 ) 0 . 1 5 5 6 D - 0 2 0 . 7 5 6 3 0 - C l 0 . 1 0 4 0 0 00 0 . 9 8 4 2 D 00 - 0 . 2 3 6 0 0 - 0 6 
PHI < 1 ,1 ) 0 . 8 2 5 0 0 - 0 6 - 0 . 2 3 7 7 D - 0 2 O . U 7 3 D - 0 2 0 . 1 2 6 3 D - 0 2 - 0 . 1 5 4 2 0 00 
PHI ( 1 , 3 ) _ 0 . 6 1 6 0 ' D - 0 7 - 0 . 3 4 9 6 Q - 0 3 0 . 6 3 1 4 0 - 0 3 0 . 1 3 0 3 D - Q 3 0 . 9 7 5 3 0 00 
PHI 1 1 , 5 ) " 0 . 1 4 0 6 D - 0 6 - 0 * 1 1 9 6 0 - 0 3 0".1253D=7J3 ~~0~7~1516D-03 D.1044D" 00 
PHI ( 3 , U 0 . 8 3 3 5 0 - 0 6 - 0 . 1 0 1 6 D - 0 1 P . 7 2 6 8 D - 0 2 0 . 5 73 9D - 0 2 - 0 . 1 7 2 5 D - 0 1 
P H I ( 3 , 3 ) 0 . 1 3 8 9 0 - 0 6 - 0 . 1 5 1 3 0 - 0 2 0 . 2 6 3 9 D - 0 2 0 . 6 1 4 9 D - 0 3 0 . 1 0 9 2 0 00 
P H I ( 3 , 5 ) - 0 . 1 9 3 6 0 - 0 6 - 0 . 5 1 5 3 0 - 0 3 0 . 5 3 5 0 0 - 0 3 0 . 6 6 9 5 0 - 0 3 0 . 1 1 6 9 0 - 0 1 
P H l ( 5 i 1) - 0 . 1 6 9 0 D - 0 4 0 . 7 8 3 3 0 - 0 1 - 0 . 5 4 5 7 0 - 0 1 - 0 . 4 0 6 O D - 0 1 - 0 . 6 3 3 6 0 - 0 2 
P H I ( 5 , 3 ) 0 . 1 6 8 5 D - 0 6 0 . U 6 2 D - 0 1 - 0 . 1 9 9 9 D - 0 1 - 0 . 4 3 4 4 0 - 0 2 0 . 4 0 0 8 0 - 0 1 
PHI ( 5 , 5 ) - 0 . 3 3 2 8 D - 0 5 0 . 3 9 6 5 0 - 0 2 - 0 . 4 0 3 2 D - 0 2 - 0 . 4 7 4 0 0 - 0 2 0 . 4 2 9 9 D - 0 2 
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FREQUENCY = 0 . 1 5 6 6 D 02 0 . 1 5 7 2 D 02 0 . 3 9 5 6 D 02 0 . 3 9 5 8 D 02 0 . 3 9 6 0 0 02 
GEN COORD MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE MODE SHAPE 
U l l . l ) - 0 . 6 5 2 8 D - 0 B - 0 . 1 8 8 9 D - 0 7 0 . 2 2 9 4 D - 0 7 0 . 5 0 8 9 D - 0 7 0 . 1 1 0 5 0 - 0 6 
U ( l , 3 ) 0 ^ 5 3 2 0 0 - 0 7 0 .5^93_D-07 - 0 . 1 7 9 9 0 - 0 6 0 . 3 7 8 8 0 - 0 7 - 0 . 1 3 0 3 D - 0 6 
U (1 , 5 f " =n7r<t3rD"-"0 6 0.1T73D~^06 ~-0.2C64D-~0 7 0 . 3 6 8 3 0 - 0 6 0TT12 3D-06 
U ( 3 , 1 ) 0 . 2 7 9 1 0 - 0 6 - 0 . 5 8 8 6 D - 0 7 - 0 . 4 7 5 1 D - 0 6 - 0 . 3 2 1 6 D - 0 6 - 0 . 3 7 2 6 D - 0 6 
UT7,~37 " - 0 . 4 7 9 7 0 - 0 8 0 . B 2 8 5 D - G 7 - 0 . 2 2 9 8 0 - 0 6 - 0 . 7 7 5 5 D - 0 7 0 . 2 9 6 8 0 - 0 6 
U ( 3 t 5 ) 0 . 4 8 6 2 D - 0 7 - Q . 4 7 2 3 D - 0 6 0 . 3 9 8 0 D - 0 6 - 0 . 4 4 4 5 0 - 0 6 0 . 1 8 1 6 0 - 0 6 
U 1 5 . 1 ) 0 . 1 1 8 2 D - 0 6 0 . 6 1 1 8 D - 0 6 - 0 . 8 3 3 3 0 - 0 7 - - 0 . 11 14.D-06 0 . 1 5 3 3 0 - 0 5 
U ( 5 , 3 ) 0 . 6 7 6 3 0 - 0 7 - 0 . 3 1 7 7 D - 0 6 0 . 1 9 6 7 0 - 0 6 0 . 1 6 2 6 D - 0 7 0 . 3 8 9 3 0 - 0 6 
~UT5T5 ) - 0 . 2 6 4 7 D - 0 6 0 .1175D-0~5 ~" 0.~TOT9D-"06 0 . 6 3 7 6 D - 0 6 - 0 . 2 0 8 1 0 - 0 7 
V ( l , l ) - 0 . 6 9 9 9 D - 0 6 - 0 . 1 7 0 1 0 - 0 6 Q . 3 1 1 6 D - 0 6 - 0 . 1 9 0 0 0 - 0 8 0 . 3 7 6 9 D - 0 7 
V ( l ,3~T"" 0 . l 6 0 4D-0~5~~Q.38 9rD-0~6 OV17 260 ̂ 0 6 0 . 1 4 7 9 D - 0 6 - 0 . 1 2 1 8 0 - 0 6 
V t l , 5 ) - 0 . 5 6 8 2 0 - 0 6 - 0 . 1 0 5 7 D - Q 6 - 0 . 2 2 5 8 D - 0 5 Q j l l 2 3 D - 0 6 - 0 . 2 9 2 3 0 - 0 6 
— 7 T T 7 T 5 0 . 5 9 5 3 D - 0 5 - 0 . 8 1 4 8 D - 0 6 - 0 . 1 3 1 8 D - 0 6 0 . 2 9 9 6 0 - 0 6 - 0 . 2 8 3 1 0 - 0 6 
V ( 3 , 3 ) -0.J.J35OD-04 0 . 2 04 j?[ } -0 5_ _0_^2 24 I D - 0 6 0 . 5 1 9 9 D - Q 6 0 . 2 5 4 1 D - 0 6 
V ( 3 , 5 ) 0 . 4 8 5 7 0 - 0 6 0 . 9263D-o7"~~OT8 259D-0 6 - 0 . 1 7 8 0 D - 0 5 0 . 3 2 5 6 0 - 0 6 
V 1 5 . 1 ) 0 . 8 1 6 4 D - 0 6 0 . 5 9 7 4 D - C 5 0 . 2 0 8 2 D - 0 6 - 0 . 3 5 5 6 D - 0 6 0 . 4 2 6 7 0 - 0 6 
V ( 5 , 3 ) - 0 . 1 8 7 9 0 - 0 5 - 0 . 1 3 7 9 D - 0 4 - 0 . 4 9 6 9 0 - 0 6 - 0 . 1584D-06 " 0 . 3 9 6 6 0 - 0 6 
V ( 5 , 5 ) 0 . 7 6 0 2 D - 0 7 0 . 1 1 3 1 D - 0 5 - 0 . 2 6 6 7 D - 0 7 - 0 . 5 5 1 6 0 - 0 7 - 0 . 1 8 9 3 0 - 0 5 
W(1,1J 0.9093D-05 0.20210-05 -0 .3619D-05 0.1029O-O7 -0 .15850-07 
W l l . 3 ) - 0 . 5 8 6 3 D - 0 4 - 0 . L 2 9 6 D - 0 4 - 0 . 1 9 1 0 0 - 0 4 - 0 . 3 6 0 7 D - 0 8 - 0 . 2 4 6 1 0 - 0 8 
W ( l , 5 ) 0 . 2 0 8 6 D - 0 5 0 . 4 4 9 2 0 - 0 6 0 . 1 2 5 8 0 - 0 3 - 0 . 6 9 2 1 D - 0 7 - 0 . 3 7 3 7 0 - 0 7 
W ( 3 , l ) - 0 . 7 6 1 7 D - 0 4 0 . 1 1 5 3 D - 0 4 0 . 8 5 6 8 D - 0 8 - 0 . 3 6 3 1 D - 0 5 0 . 2 7 2 7 0 - 0 7 
W ( 3 , 3 ) 0 . 4 9 0 7 D - 0 3 - 0 . 7 4 2 8 D - 0 4 - 0 . 2 2 7 8 0 - 0 7 - 0 . 1 9 1 3 D - 0 4 - 0 . 3 2 0 3 0 - 0 8 
W(3 ,5 ) - 0 . 1 7 4 1 D - 0 4 0 . 2 5 9 6 D - 0 5 - 0 . 3 2 7 9 0 - 0 7 0 . 1 2 6 1 D - 0 3 - 0 . I 3 2 3 D - 0 6 
W(5 , 1 ) - 0 . 1 0 5 1 0 - 0 4 - 0 . 7 8 9 2 D - 0 4 - 0 . 3 2 4 2 D - 0 8 0 . 3 9 8 8 0 - 0 8 - 0 . 3 7 5 6 D - 0 5 
W ( 5 , 3 ) 0 . 6 7 6 9 D - 0 4 0 . 5 0 6 Q D - 0 3 0 . 8 3 9 1 D - 0 8 0 . 7 4 2 3 D - 0 8 - 0 . 1 9 1 8 D - 0 4 
W ( 5 , 5 ) - 0 . 2 3 8 3 0 - 0 5 " - 0 . 1 7 6 1 D - 0 4 - 0 . 4 7 9 3 D - 0 7 - 0 . T 5 0 0 D - 0 6 0 . 1 2 6 6 D - 0 3 
P S M l . l l 0 . 3 6 0 1 0 - 0 3 0 . 19 19 D-J) 3_^Cl^_l 6_68D-04 0 . 138_7D-04 0 . 9 ^ 1 5 0 ^ 0 5 
P S I ( 1 , 3 ) - 0 . 2 3 2 5 D - 0 2 - 0 . 1 2 3 1 0 - 0 2 - 0 . 8 9 8 1 D - 0 4 0 . 7 1 0 6 D - 0 4 0 . 5 5 5 1 D - 0 4 " 
P S I ( 1 , 5 ) 0 . 8 5 4 1 0 - 0 4 0 . 4 3 9 2 0 - 0 4 0 .592BD-Q3 - Q . 4 7 0 Q D - 0 3 - 0 . 3 6 6 8 D - 0 3 
P S K 3 , 1 } - 0 . 1 0 0 7 D - 0 2 0 . 4 0 2 7 D - 0 3 0 . 4 9 7 2 D - 0 5 - 0 . 4 8 3 6 D - 0 4 0 . 1 2 0 3 0 - 0 4 
j ^ S I ( 3 , J _ 0 ^ 6 4 9 2 D - 0 2 - 0 . 2 5 8 5 D - 0 2 0 . 2 4 4 8 0 - 0 4 - 0 . 2 5 5 0 0 - 0 3 0 . 6 2 4 4 D - 0 4 _ 
P S I ( 3 , 5 > - 0 . 2 3 5 4 0 - 0 3 0 " . 9 2 7 9 0 - 0 4 - G . 1 6 4 8 0 - 0 3 0 . 1 6 8 4 D - 0 2 - O . 4 1 4 O D - 0 3 
P S I 1 5 . 1 ) - 0 . 8 8 9 8 D - 0 4 - 0 . 1 7 5 7 0 - 0 2 0 . 2 3 2 4 D - 0 5 O i .7515D-05 - 0 . 8 2 5 6 0 - 0 4 
P S I ( 5 , 3 > 0 . 5 7 2 1 D - 0 3 0 . 1 1 2 8 0 - 0 1 0 . 1 1 9 9 D - 0 4 0 * 3 8 1 5 0 - 0 4 - 0 . 4 1780-03 
P S I ( 5 , 5 ) - 0 . 1 9 8 4 0 - 0 4 - 0 . 4 0 0 6 0 - 0 3 - 0 . 7 9 5 2 0 - 0 4 - Q . 2 5 4 9 0 - 0 3 0 . 2 7 5 9 D - Q 2 
PHI ( 1 , 1 ) 0 . 1 8 1 2 D - 0 1 0 . 3 9 2 2 0 - 0 2 - 0 . 3 4 0 2 D - 0 1 0.-8016D-05 0 . 6 5 1 0 0 - 0 5 
P H I I 1 . 3 ) - 0 . 1 1 3 7 D 00 - 0 . 2 4 2 7 0 - 0 1 - 0 . 1 1 1 7 D 00 0 . 3 8 3 3 D - 0 5 0 . 1 8 9 2 0 - 0 5 
P H I ( 1 , 5 ) " - 0 . 1 2 1 7 D - 0 1 - 0 . 2 5 9 5 0 - 0 2 "0 .9932D 00 0 . 3 2 0 6 0 - 0 5 - 0 . 1 1 0 6 0 - 0 5 
JMHHJ.J^) - Q . 1 5 3 9 D 00 0 . 2 2 5 9 0 - 0 1 0 . 3 1 / 7 8 0 - 0 ^ - 0 . 3 4 0 9 0 - 0 1 0 . 2 0 2 4 0 - 0 4 
P H U 3 . 3 ) " 0 . 9 6 5 9 D 00 - 0 . 1397D 00 " 0". 33 15D-05 " - 0 . 11 18D 00 0 . 8 6 7 7 0 - 0 5 
P H I ( 3 , 5 ) 0 . 1 0 3 4 D 00 - Q . 1 4 9 6 D - 0 1 - 0 „ 1 1 4 5 0 - 0 5 0 . 9 9 3 1 D 00 0 . 6 4 3 5 0 - 0 5 
P H I ( 5 , 1 ) - 0 . 2 1 6 8 D - 0 1 - 0 . 15 7 1D ^ 0 " 0 . 6 7 3 5 D - t £ 0 . 2 1 3 2 D - 0 4 - 0 . 3 4 2 0 0 - 0 1 
P H I ( 5 , 3 ) 0 . 1 3 6 1 D 00 0 . 9 7 L 3 D 0 0 0 . 8 5 1 5 D - 0 6 0 . 4 9 9 0 D - 0 5 - 0 . 1 1 2 0 D 00 
~PHI (5 ,5 )~ 0 . 1 4 6 0 0 - 0 1 0 . 1 0 4 1 0 00 0". 2 249D-05" ~-~0~722o\D-05 0 . 9 9 3 1 0 00 
Figure 11-2. Continued 
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